Structural behavior of beam-slab highway bridges a summary of completed research & bibliography,  May 1973. by Zellin, M. et al.
Lehigh University
Lehigh Preserve
Fritz Laboratory Reports Civil and Environmental Engineering
1973
Structural behavior of beam-slab highway bridges a
summary of completed research & bibliography,
May 1973.
M. Zellin
C. N. Kostem
D. A. VanHorn
Follow this and additional works at: http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-
reports
This Technical Report is brought to you for free and open access by the Civil and Environmental Engineering at Lehigh Preserve. It has been accepted
for inclusion in Fritz Laboratory Reports by an authorized administrator of Lehigh Preserve. For more information, please contact
preserve@lehigh.edu.
Recommended Citation
Zellin, M.; Kostem, C. N.; and VanHorn, D. A., "Structural behavior of beam-slab highway bridges a summary of completed research &
bibliography, May 1973." (1973). Fritz Laboratory Reports. Paper 472.
http://preserve.lehigh.edu/engr-civil-environmental-fritz-lab-reports/472

COMMONWEALTH OF PENNSYLVANIA
Department of Transportation
Bureau of Materials, Testing and Research
Leo De Sandvig ~ Director
Wade L. Gramling - Research Engineer
Kenneth L. Heilman ~ Research Coordinator
Project 72~4: Development and Refinement of
Load Distribution Provisions for
Prestressed Concrete Beam-Slab Bridges
STRUCTURAL BEHAVIOR
of
BEAM-SLAB HIGHWAY BRIDGES
A SUMMARY OF COMPLETED RESEARCH
and
BIBLIOGRAPHY
F'RfTZ ENGINEERING
,~a.ORA1"°ORY lJBRAR}L
by
Martin A. Zellin
Celal N. Kostem
David A. VanHorn
Prepared in cooperation with the Pennsylvania Department of
Transportatopm and the U. S. Department of Transportation, Federal
Highway Administration ~ ,The contents of this report reflect the views
of the author who is responsible for the facts and the accuracy of
the data presented herein. The contents do not necessarily reflect
- the official views or policies of the Pennsylvania Department of Trans~
portation, the U. S. Department of Transportation, Federal Highway
Administration, or the Reinforced Concrete Research Council. This
report does not'constitute a standard, specification or regulation.
LEHIGH UNIVERSITY
Office of Research
Bethlehem, Pennsylvania
May 1973
Fritz Engineering Laboratory Report No. 387.1
TABLE OF CONTENTS
ABSTRACT
I. INTRODUCTION
II. DISCUSSION OF COMPLETED RESEARCH
A. Behavior of Longitudinal Beams
iv
1
8
8
1. Specific References 8
2. Standard Design for Live Load 8
3. New Specification fO.r Spread Box-Beam Bridges 9
4. Actual Be~avior of Test Structures 10
a. Load Distribution: Actual vs. Design 10
b. Effect of Curb-Parapet Sections 11
c. Effect of Midspan Diaphragms 12
d,.; Effect of Skew 13
e. Effects of Vehicle Speed and Impact 14
Loading
B. Slab Behavior 18
1. Specific References 18
2. Design for Live Load 18
3. Actual Behavior of Slabs in Test Structures 19
4. Effects of Vehicle Speed and Impact Loading 21
c. Specific References on Completed Research and
Specifications
ii
23
III. BIBLIOGRAPHY ON STRUCTURAL BEHAVIOR OF BEAM-SLAB
HIGHWAY BRIDGES
Introduct~on to Bibliography
Subject Index
Author Index
Bibliography
Reports, Books
Master's Theses and
Doctor of Philosophy Dissertations
IVD ACKNOWLEDGMENTS
iii
26
26
30
36
49
266
268
ABSTRACT
This is the first report on the res.e'arch investigation
entitled Development and Refinement of Load Distribution Provi-
sions for Prestressed Concrete Beam-Slab Bridges (PennDOT 72-4).
Included are (I) a review of the four recently completed Lehigh
University research' programs on the structural response of pre-
stressed concrete beam-slab highway bridges of the spread box-
beam and I-beam types, (II) a discussion of the general findings
in these programs, and (III) an up-to-date annotated bibliography
containing references which are directly or indirectly applicable
to the structural behavior, analysis, and design of beam-slab
type highway bridge superstructures~
iv
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the field' tests, and one summarizes a mathematical analysis of
structural behavior.
7
In report Noo 315.9 , upon completion of the mathematical
Lysis, a comparison of load distribution evaluated from the
~d tests of the Drehersville, White Haven, Berwick and
~delphia Bridges was made with, information derived from the
_ysis, considering the effects of curb and parapet sections.
comparison served to validate the mathematical analysis.
, the significant parameters (span length, beam depth, modular
0, PoissonYs ratio, and slab thickness) were systematically
ed to evaluate the effects on load distribution. It was found
the load distribution was significantly affected only by
ation of span length and beam depth. Then, nineteen different
s~sections, represehting six different curb-to-curb slab
~s ranging from 32 to 66 feet, were analyzed over an extensive
~ of span lengths, and with maximum and minimum beam depths.
1 on this ov~rall a~alysis, in which the cont~ibution of the
and parapet sections and the midspan diaphragms Were com-
~ly neglected, the following procedure has been adopted by the
) (Fall 1972) for determination of live-load distribution
tVS in spread-box~beam b~idgeso
10 The live-load bending moments in inte~ior beams shall be
determined by applying to the beams the fraction,' of each
wheel load specified by the following, expression:
3
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where: NL = Number of design traffic lanes
NB = Number of beams
S = Average beam spacing, (center~to-center)
L = Span length
k- = 0.07 W .... NL (0 •10 NL - O. 26) - 0.20 NB - 0.12
W = Roadway width between curbs, ft.
2. The live load bending moments in exterior beams shall be
determined by applying to the beams the reaction of each
wheel load obtained by assuming the flooring to act as a
simple span between the exterior and first interior beams,
2NLbut shall not be less than N ·
B
Project 315/\:
This project was initiated in 1968 to extend and broaden
·the work completed in Project 315. A sixth spread box-beam bridge,
Hazleton (1968) was field tested, with the following major objec-
tives: (1) To establish critical speeds for maximum amplification
of crawl-run response, and to determine the magnitude of the maxi-
mum amplification; (2) To develop information on stresses on the
surface of the ~lab in both lateral and longitudinal directions;
(3) To develop information on stresses in slab reinforcement;
4
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of the field tests, and one summarizes a mathematical analysis of
the structural behaviore
7
In report Noo 315.9 , upon completion, of the mathematical
analysis, a comparison of load distribution evaluated from the
field tests of the Drehersville, White Haven, Berwick and
Philadelphia Bridges was made with, information derived from the
analysis, considering the effects of curb and parapet sections.
This comparison served to validate the mathematical analysis.
Next, the significant parameters (span length, beam depth, modular
ra'tio, Poisson Ts ratio, and slab thi'ckness) were systematically
varied to evaluate the effects on load distribution. It was found
that the load distribution was significantly affected only by
variation of span ~ength and beam depth. Then, nineteen different
cross-sections, representing six different curb-to~curb slab
widths ranging from 32 to 66 feet, were analyied over an extensive
range of span lengths, and with maximum and minimum beam depths.
Based on this overall analysis, in which the cont~ibution of the
curb and parapet sections and the midspan diaphragms Were com-
pletely neglected, the following procedure has been adopted by the
.AASHO (Fall 1972) for determination of live-load distribution
factors in spread-- box-beam bridges 0
10 The live-load bending moments in interio~ beams shall be
determined by applying to the beams the fraction of each
wheel load specified by the follow{ng, eXpression:
3
(4) To establish the amplification of crawl-run response under
impact loading; and (5) To provide additional information on lat-
eral distribution of design .vehicle l'oading. Two reports were
9
developed on this project, the first covering the structural be-
la
havior of the overall {'superstructure, and the second covering
the behavior of the slab.
Project 322:
In Project 322, a set of Plexiglas models (1/16 -scale)
was developed to enable the systematic variation of parameters in
a laboratory study of the behavior of the spread box-beam super-
structures. The: information developed served to supplement and
expand the information from the field studies of Projects 315 and
16
31SA. Two reports were developed, one -which describes the de-
17
velopment and use of the model sy~tem, and another which uti-
lizes the test information in the- development of an approximate
method of live load distribution based on deflections.
Project 349:
In 1967, Project 349 was initiated to broaden the origi-
nal work on spread box ....beam superstructures to include prestressed
II
concrete I -beam br-i.dges. lnitially, a Iiterature survey revealed
the need for field tests similar to those 'conducted on Projects
315 and 315Ao As a result, two bridges were field. tested, Bartons-
ville (1968) and Lehighton (1969), with essentially the same major
5
objectives as those listed previously for Project 315A~ The be-
havior of the Bartonsville Bridge has been covered in two
12 13
reports ~ ,and that of the Lehighton Bridge in~ two similar
14 16
reports '
Project 387:
In the current project, the primary objectives are:
(1) to develop a new method for the evaluation of live-load dis-
tribution factors for the; I-beam superstructures, including a pro-
posal for a new specification provision, and (2) to extend the
coverage to include the effects of skew for both the I-beam and
spread box-beam typeso The first phase of the project has been
initiated with the development of a computer-based analysis for
right bridges which will be compared with the field tes.t results
from the Lehighton and Bartonsville Bridges. Next, the appropri-
ate parameters will be systematically varied in the analysis to
establish the qualitative and quantitative effects on the various
aspects of structural behavior. Finally, a new specification pro-
vision for live-load distribution will be developed and proposed
for adoption.
In the second phase, the analysis will be modified to
include coverage of skewed support conditions, hopefully leading
to the development of a specification provision which will enable
a rational design. consideration of the effects of skew. Finally,
the analysis will again be modified, and a pilot study will be
6
conducted to determine the feasibility of extending the specifica-
tion development to include provisions for the assessment of the
effects of interior-span diaphragms, curb-parapet sections, and
continuous-span construction.
* * * *
It is the purpose of this report to provide a discussion
of the results developed on the completed projects, along with an
up-to~date summary of previous re'search which relates to the
achievement of the objectives listed above for Project 387. The
report has been divided into two independent sections (rI and III).
The first (II) will provide the discussion of the results developed
on the earlier projects, while the second (III) will cover the
summary of previous research.
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II. DISCUSSION OF COMPLETED RESEARCH
A. Behavior of Longitudinal Beams
1. Specific References
The specific references utilized in the development of
the following discussion of the structural behavior of the longi-
tudinal beams are References NosD 1 ~9, 12, 14, and 16. Each of
these references contains material on some aspects of the struc-
tural behavior of the prestressed concrete I-beam and spread box-
beam superstructures. Since this report is being developed pri-
marily for representatives of the sponsoring agencies, it will be
assumed that the readers either have copies, or have convenient
access to copies, of each of the reportso In addition, reference
will be made to references Noso 18 and 19 which are the AASHO
Standard Specifications for Highway Bridges, and the PennDOT
Standards for Prestressed Concrete Bridges.
2. Standard Design for Live Load
In the design of the longitudinal beams in the field
test structures, the distribution of live load was assumed as fol-
lows for both the I-beam and spread box-beam superstructures. This
distribution method is covered under the PennDOT Standards for
19 ,
Prestressed Concrete Bridges ,and is nearly identical to the
provisions set forth under Article 1.3~1 of the AASHO Standard
18
Specifications for Highway Bridges
8
For interior beams, the
live-load bending moment for each beam was determined by applying
to the beam the fraction of a wheel load yielded by the factor
8/5.5, where S is equal to the average beam spacing in feet. For
exterior beams, thelive-lbad bending moment was determined by ap-
plying to the beam the reaction of the wheel ioaq obtained by as-
suming the flooring to act as a simple span between beams. In
addition, the live load effects are increased by the well-known
impact factor I = L +5°125 .
3. ' .New Specification for Spread Box-B.eam Type
The development of the recently adopted specification
for live-load distribution in the spread box-beam type superstruc-
ture is outlined in Reference NOg 7, along with the theoretical
analysis which was used in the development. This specification
establishes the distribution factor for interior beams in the
spread box-beam cross-section as a simple function of five factors:
1(1) the number of design traffic lanes (NL) ~ (2) the number of
beams (NB) , (3) the beam spacing (8), (4) the span' length (L),
and (5) the roadway width between curbs (W). For exterior beams~
it is recommended that the distribution factor for exterior beams
be determined by applying to the beams the reac,tion of the wheel
loads obtained by assuming the flooring to act as a simple span
between beams, but with the provision that the factor shall not
2NLbe less than the ratio NB
9
Based on the results achieved in the investigation of
the spread box-beam cross-section, it is felt that a similar de-
sign provision can be developed for the I-beam cross-section.
This goal forms the first object~ve for the current project.
4. Actual Behavior of Test Structures
a. Load, Distribution: Actual vs. Design
There were eight in-service bridge superstructures in-
eluded in the field-test prog.ramo Six of the test structures were
of the spread box-beam type: Drehersville l, Fl, Brookville 3,
4 6 6 9
Berwick , Philadelphia , White Haven -, and Hazleton. Two were of
12 14
the I-beam type: Bartonsville and Lehighton
Fa,r path the I ~beam and the spread box-beam cross-
.sections" it was consistently found that the actual. live-load
distribution, based on maximum design load conditions derived from
field-test results, was clearly less than values derived from the
design factor 8/5.5. In, the exterior beams, it was al~o consis-
tently found that the load distribution factors based on field-
test results. were greate~ than those yielded by the design method
outlined in the previous sectiono Results from· the mathematical
.. '
analysis and the model tests proved that these results were due to
~- ),'.
two factors., In the first place, it was found that the distribu~
tion factor 8/5~5 does not yield an accurate estimate of the
actual load distribution to the interior beams. In addition, it
was found that in the actual structures, the curb~parapet sections
10
served to distribute more of the live load to the exterior beams,
thereby reducing the load produced in the interior beams~ How-
ever, it should be emphasized that· when the analysis was applied
to superstructures without the curb-parapet sections, 'the actual
load distribution to the interior beams was still consistently' less
than the value yielded by the design factor 8/5.5, while the actual
load distributed to the exterior beams was sometimes ~reater and
sometimes less than the values yielded by the design method~
bo Effect of Curb-Parapet Sections
The effects of curb-parapet sections on live-load dis-
tribution were consistently demonstrated in both the field tests
and analytical study of the spread box-beam cross-section, and in
the field study of the I-beam cross-section~ Basically, the curb-
parapet section serves to strengthen the exterior beams by increas-
ing the flexural and torsional stiffnesso These effects are re-
fleeted in reduced load distribution for the interior beams and
increased distribution for the exterior beams. With the current
19
design provisions for the Donnection at th~ interface of the
slab and the base of the curb-parapet section, it was found that-
the test structures consistently exhibited fully composite be~
havior at this construction joint. Therefore, it is felt that
strong Consideration should be given to th~ future possibility of
giving positive design conSideration to: this effect. With"a real-
istic consideration of the additional strength cont~ibuted by the
curb-parapet sections, the load distribution to the interior beams
11
would be reduced. This reduction for the interior beams would be
accompanied by a.n ",increase for the, exterior beams. However, the
results from bo.t,h the fielp tests and the analysis' 'have indicated
that the ,increased strength provided to the exterior beam by the
curb-parape,t sec.t,ion will more than compensate for the additional
load carried.
With a thought ·toward the possible future consideration
of the additional strength contributed by the curb-parapet sec-
tions, an in-house pilot study was conducted to investigate the
possible effects on t'he recently adopted specification for the
spread box~beam type superstructure. It was found that there is a
very strong possibility that the consideration of the curb-parapet
section could easily be incorporated into a revised specification
of the same form. Therefore, there is optimism that at least a
part of the third phase of the current project will yield a posi-
tive recommendation for specification refinement to include the
curb-parapet effect.
c. Effect of Midspan Diaphragms
The earlier studies clearly demonstrated that for bridges
of the spread bqx-beam type, the midspan diaphragms have only a
negligible eff~ct on the live-load distribution when the structure
is fully loaded to produce design values. However, it was also
found that the midspan diaphragms did improve the distribution. of
load produced by a single vehicle. Therefore, it is recommended
that serious thought be g~ven ,to the possibility of the future
12
development of a method for developing influence lines £or the
critical bending moments in the individual beams of the beam-slab
type superstructures, including the effects of midspan diaphragms.
The availability of t~ese influence lines could serve as an ef-
fective tool in assessing the potential effects of overload
vehicles.
For the I-beam bridges, it,is quite possible that the
effect of intermediate diaphragms will prove to be more signifi-
cant than for the spread box-beam type. If this is the case, it is
also possible that the specification provisions for the I-beam
cross-section should include the consideration of location and size
of intermediate diaphragms~
d. Effect of Skew
Very little previous work has been done on the effects
of skew on live-load distributiono One of the earlier field tests
o
provided a comparison of the behavior of a 45 skew bridge with
that of a right bridge having nearly identical dimensions and phy-
sical characteristicse This single comparison indicated very
li.ttle difference between bending moments in the beams· at near~
midspan locationso However, there is some intuitive feeling among
design engineers that the live-load provisions for right bridges
should be amplified when applied to structures in which the sup-
ports are skewed. But, there is no consensus of opinion as to the
magnitude or method of determination of the amplification. In
, 18
fact, there are no provisions in the current AASHO Specifications
13
which provide guidance to the designer in this area. Therefore,
it is hoped that th~ second phase of the current project will pro-
vide a new insight into the problem, and will yield an acceptable
specification provision. A note of caution is appropriate in re~
cognizing that this will undoubtedly be the most difficult problem
to form~late and solve$
e. Effects of Vehicle Speed and Impact Loading
2-6The results from the field tests of the first five
spread box-beam structures indicated the need for additional re-
search on the effects of vehicle speed and impact-type loading on
beam-s'lab bridges. Currently, these effects are reflected in de~
- 50
sign by the use o! the well-known impact formula I = L"+ 125 ·
Therefore, to assess the validity of the use of the impact formula,
considerable attention was devoted to the development of field-
9
test data on the dynamic response of the test bridges at Hazleton
l2 14
Bartonsville ,~and Lehighton "In these tests, strain measure~
m~nts on individual beams were recorded at near-midspan cross-
sections. These measurements enabled the.computation of the bend-
ing moments carried by ~ach of the individual beams, as well as
the' total bending moment carried by the entire cross-section, as
the test vehicle pasSed over the bridge at different speedao
The results f~om all of the tests consistently indicated
that on the basis of the total bending moment, the amplification
produced at' speeds ranging from 2 mph to 60 mph rarely exceeded
_the amplification provided by the specification provisionQ It was
14
also found that the.maximum amplifications typically occurred at
speeds in the range 25- 35 mph, and above 50 mph. The results
from these field· tests indicate that the specification provision
represents a reasonable upper bound for the amplification produced
by a single design load vehicle passing over the test structureD
Comparisons were also made of the amplifications pro-
duced in the individual beams. These comparisons typi'cally indi-
cated that for the interior beams, the amplifications produced at
the different speeds rarely exceeded the amplification indicated by
the specification provision. However, for the exterior beams, the
amplification produced in the field tests often exceeded that
yielded by the impact formula. However, it is strongly felt by
the investigators that these test results do not suggest the use of
a larger amplification factor for the exterior beams. This feeling
stems from the fact that the results from the field tests repre-
sented locations of the test, vehicle i'n the speed runs which pro-
duced comparatively small bending moments in the exterior beams.
This was because of the impossibility_ of conducting speed runs
near the edges of the bridge, which would have resulted in larger
moments in the exterior beams. Therefore, although the field
tests indicated larger amplifications of the static load effects
in the exterior beams, the total effects produced in the 'beams
were well below design load moments.
Although. _the .. fi.ald-t.est res,ults indicate that the impact
formula apparently yields a reasonable ,upper bbund to a prediction
15
of the amplification of static load effects, there is a strong.
feeling, shared by many other researchers and bridge design engi-
neeps, that there is a need for further studies into theamplifi-
cation of structural behavior produced by moving vehicles. A+-
though a number of field tests ·,have been conducted in the past,
there is a feeling that additional well-planned field tests will
be required to substantiate recommendations for changes in the de-
sign provisions which cover moving vehicles. On the other hand,
the problem of developing a reasonably accurate analytical model
is, clearly one of the most difficult problems that structural
engineers have--attempted to solve. The magnitude of this parti-
cular problem hinges primarily -on the need to include considera-
tion of many additional factors such as (1) natural vibration fre-
quencies of the superstructure, (2) problems in- mathematically re-
presenting the load vehicles as damped spring-mass systems, and
the supe'rstructures as distributed:mass systems, (3) the effects
of roaqway roughness, (4) damping characteristics of the super-
structure, -and (5) the increased overall compleXity of time-
dependent problems.
In all of the field tests, a'series of controlled impact
tests was :'co'nducted with· the single design load vehicle. Basi-
cally., the impact tests. consisted of placing a ramp 2 inches in
height at the gaged cross~Section near midspan, driving the test
vehicle over the ramp, ahd recording the response produced in the
superstructure.. In this type of loading , it was typically found.-
16
that the amplification of static moments produced at',the ,gaged
cross-section were considerably greater than values yielded by the
impact formula. Since the nature of the test was to produce a
very heavy "impact loading, the measured amplification was not sur-
prising~ Therefore, engineers should refrain from jumping to the
conclusion that the design provision is entirely inadequate, based
on this series of controlled impact tests. Instead, increased
emphasis should be direct~d toward the improvement of maintenace
associated with the clearing of debris from bridge decks and to
the patching of potholes which often develop in bridge surfaces.
In addition, the further analytical and experimental studies of
the effects of vehicle speed should reasonably include the consid-
eration of typical impact problems represented by the controlled
impact tests.
17
B. Slab Behavior
1. Specific References
The specific references which cover the slab behavior of
the field-test structures are References Noso 10, 13, and 15. Each
of these references describes aspects of the structural behavior
of the reinforced concrete slab in one of the field-test super-
structures. Reference 10 describes the slab behavior of the
Hazleton Bridge, which is of the spread box-beam type, while Re-
ferences 13 and 15 cover the slab behavior of the Bartonsville and
Lehighton Bridges which are of the I-beam type.
2. Design for Live Load
The slabs of the field-test structures were designed ac-
18
cording to the AASHO Specifications ,as set forth under
Article 1.3.2 (C) . Under this provision, the live-load moment for
simple spans with main reinforcement perpendicular to traffic, and
HS 20-44 truck loading, is computed as:
M = (8 + 2) P
32
This equation represents a simply supported slab with single span.
In the typical beam-slab construction, the deck slab is continu-
continuity factor of 0.8 is applied and the slab design equation
ously supported over three or more beam supports. Therefore, a
becomes:
18
M = (±O. 80) (8 + 2)32 p
At this point, it is appropriate to note that the first equation
provides a live-load bending moment for a slab of unit· width. The'
1
equation is similar in form to the well-known equation M = 4,PL
which yields the ma,ximum bending moment in a simply supported beam
loaded with a concehtrated load at midspan. Howeve~~ the design
equation includes the consideration of longitudinal distribution'
of a· whe'el' load. In addition, it should be noted that the equa-
tion does not consider the local stress conditions produced di-
rectly under the wheel. To account for continuity, the factor
+0.8 is applied to approximate positive bending moment at midspan
of the slab, while the factor -0.8 is applied to develop the de~
sign value for the maximum negative moments at the ends of the
span.
The effects of moving vehicles 'and possible impact load-
ings are considered by applying the imp~ct formula.
I so
= L + 125
3. Actual Behavior of Slabs in the Test Structures
In each of the test structures, two or more typical slab
spans were instrumented with strain gages mounted on to'p and bot-
tom surfaces of the concrete at the ends and at ,midspan of the
slab spano In addition, in the Hazleton Bridge, strain gages were
19
mounted on main lateral ~einforcing bars at five different loca-
tions. In each of the structures, it was found that the low mag-
nitud~s of the maximum concrete strains measured at all locations
.indicated the st1rong imp~obability of, s.lab {~~acking. In addition,
the maximum strains in the reinforcing bars in~icated the develop-
merit of1maximum steel, stresses which did not exceed 3,000 ,psi.
The uppe~ limit for maxifuum measured stres~es in the concrete was
approximately' 400 psi"; wi th one exception. At one gage location,
a maximum compressive stress of approx-imately 750 psi was q.eveloped
'during one, of ,the·speed runs.
One aspect of the~structural behavior of the deck Slabs
was 'consistently exhibited in al~; three test structures, and at
ail straih gage, locations.' This aspect was the occurrence of local
stresses produced, under the concentrated wheel load,. The strain
measurements clearly indicate that these local stresses have a con-
siderable effect on :the maximum stress conditions produced at the
various locations. However, these local stresses are not reflected
in the design procedure. The occurrence of these local stresses
serves to further complicate the already complex problem of accu-
rately evaluating the live-load stress conditions produced in the
slab. At this point, it should be noted that there is no impli-
cation that the local stresses are producing .overstressed condi-
tions in the slab since the overall inves~igation has revealed
that 'the slabs in these field-test ,structures (which are typical
of beam-slab construction in, Pennsylvania) are supjected to ,',~p;'
20
relatively low maximum'stress conditions under design load vehicleso
However, it is felt that local stress conditions should be given
consideration in future analytical and experimental studieso
In all of the test structures, the actual bending moments
produced at each of the gaged locations were computed from the
measured surface strains. In general, these experimentally-based
bending moments were considerably less than the values yielded by
the design equationo However, one important aspect of the struc-
tural behavior was noted·o That is, it was found that at a given
gaged location, maximum negative and positive bending moments of
approximately the same magnitude could be produced by the test
vehicle, depending on the lateral location of the vehicle. This
reversal pattern was typical. of nearly all of the gage locations
at both the ends and at midspan of the slab spanso Thfs behavior
would indicate the desirability of designing the slab for complete
reversal of the design bending moment at the critical location~~
4. Effects of Vehicle Speed and Impact Loading
Although a number of speed runs were conducted on each
of the field-test br~dges, it was ve~y ,difficult to accurately
assess ,the effects of speed in amplifying the static load effects
at the various gage locations 0 The ~eason for this difficulty
stemmed from two factors 0 In the first place, it 'Was possible to
conduct the speed runs only within the relatively narrow confines
of the actual traffic lanes of the highway and bridge roadway 0
21
The~efore, it was not possible to drive the test vehicle at all of
the critical lateral locations which would produce the maximum ef-
fects, at ~any of the gage locations. In the second place, it was
not possible to achieve sufficient accuracy in the lateral posi-
tion of the test vehicle during the speed runs. This latter factor
was _particularly important because of the very high sensitivity of
the slab behavior to lateral position of the test vehicle.
It is interesting to note that the slab response to the
effects of vehicle speed and impact loading differed markedly from
the response of the longitudinal beams~ For the longitudinal
beams, the effect of vehicle speed ,was to amplify the static load
effects, even. though in many cases the amplification was very
small. In contrast, ate,the gage locations in the slabs, the ef-
fects produced. by vehicle speed were very widely scatteredb In
some cases, the,".::;Faximum response deve19ped during the speed runs
was considerably greater than the static load effect, and well
above the amplification yielded by the impact formula 0 In other
cases, the maximbm ~peed run response was considerably less than
the static load effect. This behavior pattern was repeated in the
controlled impact tests, and strongly emphasizes the extreme com-
plexity of developing an analysis which will accurately predict the
behavior of the slab. The ,response to static loading is a complex
problem, but the inclusion of vehicle speed and impact-type load~
ings will be an even greater tasko
22
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1110' BIBLIOGRAPHY ON STRUCTURAL BEHAVIOR
OF BEAM-SLAB HIGHWAY BRIDGES
INTRODUCTION TO 'BIBLIOGRAPHY
The purpose of this report is to provide an up~to-date
annotated list of the.publications and reports which contain in-
formation that may be directly or indirectly applica~le to the
structural behavior, analysis, and design of beam-slab type high-
way bridge superstructureso The report contains all references
provided by the survey of Aktas and VanHorn (Ref. A.3) and the
sources of information that have become available since its pub-
lication in 1968.
In the prepa~ation of the report .the primary aim has
been to provide a cross-referenced, annotated listing of the pub-
lications and reports on the lateral load-distribution in beam-
slab type highway bridge superstructures with prestressed concrete
I~beams. However, the investigations carried out for other forms
of beam-slab bridges provide valuable information which can be
directly or indirectly applicable in the design and analysis of
beam-slab bridges with prestressed concrete I~beams. Thus, the
scope of the bibliographic survey reported herein includes all
forms of beam-slab type highway bridges with special emphasis on
the lateral load distribution in beam-slab bridges wit~ prestressed
concrete'I-beams.
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The annotations for the references listed include the
abstracts of the refer~nces provided by the authors of the refer-
ences. This enables the reader to have sufficient exposure to
assess the scope of each reference.
Even though most references contaih'~h~ abstract pro-
vided by the authors, there were a few references where the ab-
stract of the paper was not available or could not be generated
due to a lack of sufficient information.
The references listed in the report have also been
cross-referenced on an author~and-subjectbasis, which can greatly
facilitate the definition of the publications for a given subject
matter. The numbering of the references has been carried out on
an alphanumerical basis. That is, the references have been
gro~ped under different letters of the alphabet based on ~he first
letter of the last name of the first author, and within ,each letter
grouping numbers have been assigned to each reference.
The subject index of the references contains four pri~
mary groups:
1. Analytical Studies
2. Experimental Studies
3. Reviews and Surveys
40 Master's Theses and Doctor of Philosophy Dissertations
In the author index, ref~rences are made to the fourth section
using the code MS-~hDe iFor example, MS-PhD.l refers to the
I
Master's Thesis by'Arendts, J. Ge, which is listed in the fourth
sectiono
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A-secondary classification for analytical studies
includes:
1. Type of Structure
2. Method of Analysis
2.1 Static Analysis
2.2 Dynamic Analysis
The classification groupings for the experimental
studies include:
1. In-service Tests
2. Experimental Prototype Tests
3. Model Tests
All secondary classifications for the experimental
studies have also 'been subdivided into the tertiary classification
of:
1. Structural Type
2. Structural, or Model, Material
3. Dynamic Tests
4. Overload Tests
A close inspection of the classification of the refer-
ences will indicate that most have been indexed under more than
one subj~ct heading. This was due to the nature and content of
the publication. For example, a paper reporting on the static and'
dynamic analysis of box beam bridges using the finite element
method, and which also includes an experimental model study us~ng
plastic models, would be included in Sections 1.1.2 (Analytical
28
Studies - Box Beam Bridges), 1.2.1.2 (Static Analysis - Finite
Elements), 1.2.2.2 (Dyna~ic Analysis - M~lti-Beam Formulation) ,
2.3.1.2 (Model Tests - Box Beam Bridges), 2.3.2.1 '(Model Tests -
Plastic Models) .
It should be noted that the references have been grouped
according to their contents. In many instances, comments have
been made by the authors as to the possible extension of their
investigation to other types of systems, without sufficient sup-
porting data regarding their applicability. 'T~~se publications
have b,een grouped only under the heading where sufficient support-
ing data has demonstrated the applicability of the suggestion.
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SUBJECT INDEX
1.' ANALYTICAL STUDIES
1.1 Type of Structures
1.1.1 I-Beam Bridges: B.14, BoIS, C.?, D.I, D.3, D.13,
F.Il, Gol8, H.6, N.9, N.lO, N.Il, 0.1, P.8,
R.21, 8.27, T.9, V.6, WqS, W.7, W.8
1.1.2 Box Beam Bridges: A.I, A.6, C.S, C.14, C.IS, D.3,
D.4, H012, J. 9, K. 8, M. 29, N. 7, 001, P .10 ,
R.21, 8.1, S.13, 8.14, V.I, W.16
1.1.3 Cellular Bridges: D.3, G.l7, Koll, K.22, L.17,
Mo1S, M.I?, 0.1, Pol, P.S, 8.6, 8.9, S.17, S.18,
8.25, 8.26, T.Il
1.1.4 Composite Bridges: C.16, C.17, J.g, t.1S, 0.1,
8.2, V.4, V.S
1.1.5 Slab Bridges: B.8, B.19, C.IO, C.l1'~·-:~·'C.13, C'.23,
D.23, D.2, D.3, E.2, K.4, K.16, K~21, M~22,
0.1, P.IO, Ro20, R.21, 8.3, 8.19
1.1.6 T-Beam Bridges: K.21, M.3, 0.1, R.21, R.2S, T.9
1.1.7 Curved Bridges: B.7, C.IS, C.24, FoIl, H.I, H.12,
M.IS, 0.1, S.8, 8.25, W.14
1.1.8 Skew Bridges: A.2, B.6, B.14, B.19, C.7, C.23,
E.2, F.Il, G.4, G.5, G.l?, G.IS, H.lD, J.4, K.4,
M.9, N.l, No3, 0.1, Ro7, R.ll, R.12, R.21, 8-7,
S.21, 8.29, T.S, T.9, Y.l
1.1.9 General Beam-Slab Systems: B.3, B.4, B.lS, B.20,
C.3, C.4, C.g, C.12, C.20, C.26, C.2?, C.30,
D.6, D.7, D.9, Doll, D.12, F.9, G.12, Go19,
HoS, H.8, Hog, Holl, H.14, J.l, Jo3, Ko20, L.4,
L.IS, M.2, M.6, M.?, M.8, M.16, Mo17, M.18',
M.23, M.25, M.26, M.27, N.B, P~2, P.3, P.S,
P.Il, R.l, R.3, R.l3, R.14, R.19, R.21, S.l,
S.11, 8.20, 8.22, T.l, T.2, T.3, T.9, To12,
W.3, Wo6, W.7, W.13
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1.1.10 Others: A.8, Ao9, C.2l, Co22, E.3, Fo2, J.7, Jo8,
K.3, KolS, K.17, Ko18, Kol9, M.l,. M.,30, 001,
,P.4, R.4, R.ID, R.. ll, R.12, R.17, R.21, R~26,
R.27, R.32, 8.5, S"lO, To7, To8, Tog, Wol, Wo6,
W.?, W.9, WolD" Yo2, Yo3, Zol
1.2' Method of Analysis
1.2.1 Static Analysis
1.2.1~1 Finite Differences: B.6, B.14, Bo19, Bo20,
C.7, C.26, Eo2, E.3, Hoi, Ho6, Jo4, N.l,
No3, Ro21, 8.2, T.9
1.2.102 Finite Elements: B04, C.13, D.2, D.3, Dog,
G.17, G.lS, J.7, K.19, MolS, Mo16, M.17,
M.IS, PoB, 8.6, S.7, 8.8, So17, 8018,
8.25, 8026, WoS, We6, We?, 2 0 1
1.2.1.,3 Finite Strip: Cog, ColO, C.ll, Co12, Lo17,
M.lS, 8017, S.18, Wo18
1.201.4 Orthotropic Plate Theory: A.6, B03, B.4,
C.4, Co16, Co17, C.20, D.6, H.S, 0.1,
Pol, P.2, Po3, R.13, R.14, R~21, T.9, V.5
1.201.5 Grillage: D.Il, H.9, HolD, Jol, Ko18, 0.1,
,R. 21, R 0 26, S 05, 8.9, S .10, T.l
1.2.1.6 Articulated Plates: A.I, B03, Bo?, C.15,
Co2l, Co22, C.,24, Dol, Do12, F.2, G.19,
H06, HoS, H.12, K.3, K.4, K.Il, L.4, M03,
Mo6, Mo8, Mo16, M.29, 001, P.2, PolO,
P.ll, Rol, R.4, R.13, Ro19, Ro20, R.21,
Ro27, 8020, 8.21, T.8, T09, T.lI, W08,-
W<t14
1.2.107 Folded Plate Theory: C.14, D.4, D.7, GolD,
J.g, Ss17, So18, T.S
1.2.1.8 Others: B.IS, C.30, K.IS, K.2D, K.22, M.l,
001
102.1.9 Unspecified: BoB, BoIS, Co3, C~5, C.23,
C.27, D.13, F.9, F.II, Go12, Holl, H.14,
J~3, K.B, Ko16, Ko21, LoIS, L.I?,
M.2, Mo9, M.3D, No7, NoS, 0.1, P.4, PoS,
R.7, R.IO, Roll, Ro12, Rol7, Ro32, Sol,
803, 8019, 8.22, 8.27, T~12, W.I, Wo3, Wo9
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1.2.2 Dynamic Analysis
1.2.2.1 Equivalent Beams: R.3, R.21, W.3
1.2.2.2 Multi-Beam Formulation: P.8
1.2.3 Overload Analysis: K.19, M.23, R.2S, T.3, T.4, W.6
2. EXPERIMENTAL STUDIES
2.1 In-service Tests
2.1.1 Structural Type
2.1.1.1 I-Beam Bridges: B.l, B.2, B.Il, B.IS, C.6,
C.31, F.?, F.8, F.IO, G.l, G.2, H.3, H.13,
H.18, Ho19, H.21, H.22, J.2, K.7, L.6,
L.7, L.B, L.9, NoS, N.6, P.12, R.6, V.6,
W.4
2.1.102 Box-Beam Bridges: C.8, D.lO, G.14, G.IS,
G.16, K.7, L.3, S .12, V,l, V.2, W.16
2.1.1.3 Cellular Bridges: R .IS, R.23
2.1~1.4 Composite Bridges: F.6, H.16, K.9, K.lO,
R.24, S.2, 8.29, W.12
2.1.1.5 Slab Bridges: K.23, R.28, WolS
2.1.1.6 T-Beam Bridges: N.5, N.16, R.6
2.1.1.7 Skew Bridges: G.6, 8.12
2.1.1.8 General Beam~Slab Systems: F.12, Nol?
2.1.1.9 Others: A.IO, E.l, F.B
2.1.2 Structural Materials
2.1.2.1 Reinforced Concrete and Prestressed Concrete
Girders: C.6, C.S, C.31, D.lO, F.6, G.l,
G.2, G.14, G.lS, Go16, H.18, H.19, H.22,
J.2, K.7, L.3, N.S, N.16, R~6, R.1S, R.23,
R.28, 8.12, V.l, V.2, V.6, W.16 .
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2.1.2.2 Steel Girders: B.l, Bo'2, B.Il, B.IS, E.l,
F.6, Fo?, FoB, F.ID, G.l, H.3; Ho13, H.2l,
H.22, K.9; L.6; L.?,·L.8, N.5~ N.6, P.12,
R.6, R024, 8.2, S.29, W.12
201.2.3 Others: AoIO, ~.8, F.12, G02, H.16, H.22,
KolO, L08, L09, Nol?, R.28
201.3 Dynamic Tests: B.l, Bo2, B.ll, C.6, CoS, E.l, F.?,
F.12, G.14, H.3, H.21, H.22, J.2, K.9, KolO,
L08, L.9, NoS, N06, N.l?, Po12, Ro6, RolS, SG29,
V.2, V.3
20104 Overload Tests: Gol, N.16, Ro29
2.2 Experimental Prototype
2.2.1 Structural Type'
2.2.1.1 I-Beam Bridges: AoS, B.14, H.l?, L.l
2.2.102 Box Beam Bridges: D.S, G.B
2.201.3 Cellular Bridges: So15, 8016
2.2.1.4 Slab Bridges: G.13, RoB, 8.19
2.2.105 T-Beam 'Bridges: B.9, B.IO
·2.2.1.6 Skew Bridges: G.13, H.I?, K.13, Ro9, Y.l
2.2.1.7 General Beam-Slab Systems: Bo13, L.16,
L.18, M.Il, M.12, Mo13, Mo14, M025, R.9,
R.21
2.20108 Other or Unspecified: H.2, L.12, M.l, P.6,
R.9, Ro18, R.22, R.30, w.g
2 ~'2 02 Structural Material
'2.20201 Reinforced Concrete and Prestressed Concrete
Girders: B.9, B & 10, D & 5, G. 8, G.13, H0 2,
Ko13, L~12,Lo16, Lo18, M.ll, M.12, M.13,
Mol4, P~6,. R.S, R.9, R.18, R.21, R.22,
8.15, 8016, 8519, 8030, Wo9, Yo1
202.2.2 Steel Girders: Ao5, B.14, H.I?, L.l
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2._ 2 . 2 . 3 Others: B.13
2.2.3 Dynamic Tests: B.14, H.2
2.2.4 Overload Tests: G.13, L.I, L.12, M.l, R.B, R.9,
R.22, 8.30
2.3 Model Tests
2.3.1 Model Type
2.3.1.1 I-Beam Bridges: C.2, H.13, N.13, N.14,
8.32, 8.33
2.3.1.2 Box Beam Bridges: A.4, B.12, B.l6, D.4,
D.S, F.I, G.g, LolO, M.21, M.31, R.16
2.3.1.3 Cellular Bridges: B.ll, C.IS, M.lD, M.19,
R.16, T .10
.2.3.1.4 Composite Bridges: 8.23
2.3.1.5 Slab Bridges: Goll, J.6, K,2, K.12, L.2,
L.13
203.1.6 T-Beam Bridges: M.4, R.25
2.3.1.7 Curved Bridges: A.4, B.?, B.12, C.18
2.3.1.8 Skew Bridges: C.19, C.25, F.4, F.S, G.g,
G.ll, F.S, K.13, Loll, M.9, M.24, N.14,
P.g
2.3.1.9 General Beam-Slab Systems: D.B, L.13, M.28,
R.29, 8.4, 8.28, 8.31, W.2, W.Il
203.1.10 Others: A.9, H.IS, Kol, 0.2, Pog, S.lO
'f
2.3.2 Model Materia~
2.3.2.1 Plastic: A.4, B.12, C.l, C.2, C.IS, D.4,
F.l, H.4, K.12, L.IO, L.13, L.14, M.19, M.21,
M~28, Mo31, R.16, S.lO, 8.31, 8.32, 8.33, T.IO,
W.l1
2.3.2.2 Steel: A.9
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2.3.2.3 Concrete: A.9, B.9, B.lO, B.16, B.17, C.19,
D.4, G.ll, K.13, L.II, M.28, 0.2, P.g,
R.25, 8.28, 8.32, W.2
2.3.2.4 Aluminum: G.g~ K.l, K.2, K.5, K.12, K.13,
Pog
2.3.2.5 Others or Unspecified: B.?, C.25, D.S, D.B,
F.4, F.S, H.13, HolS, J.6, K.12, L.2, M.4,
M.9, M.lD, M.24, N.13, R.29, 8.4
2.3.3 "Overload: Bo9, BolO, N.13, R.25
30 REVIEWS AND SURVEYS: A.3, BaS, C.28, Fo3, ~.3, G.7, G.20, Ho7,
H.20, H.23, 1.1, K.6, LoS, M.5, M.?, M.20, M.22, M.25, M.27,
M• 28, N. 2, N. 4, N. 9, N. 12, N. 15, 0 .. 1, R. 1, R. 2, R. 5 " R 0 21, R. 29 ,
R.30, R.31, S.ll, S.24, S.34, T.6, T.9, V.l, V.3, V.4
4. MASTERTS THESES AND DOCTOR OF PHILOSOPHY DISSERTATIONS:
References on pages 266-267.
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A.l Abdel-Samad, S. R., Wright, R. N. and Robinson, A. R.
ANALYSIS OF BOX :GIRDERS WITH DIAPHRAGMS, ,Journal of
Structural Division,Proqeedings of-ASCE, Vol. 94,
'No. ST10, pp. 2231-2256, October 1968.
Analyses based on thin-walled beam theory are presented
for multicell' box girders of deformable cross section. The
influence ,of, flexible interior diaphragms on stresses aris-
ing from deformation, of the 'cross section is investigated
for torsional loadings and bo:x~cell properties appropriate
for steel and reinforced concrete highway bridges. Stiff-
ened plate elements and various end conditions are con-
sidered. Sample analyses show that warping stresses trans-
verse flexural stresses and shearing stresses are substan-
tially affected by defo'rma'tion of the cross sectien. Con-
ventional flexural and torsional analyses do not reveal
these effects. Interior·diaphragms are shown to be effec-
tive in reducing deformation of the cross section and the
associated stresses.
A.2 Aggour, M. S.
SPACE FRAME ,ACTION AND LOAD DISTRIBUTION IN SKEW
BRIDGES, Proceedings of InternationaL Association. for
Bridge and Structural Engineering, Seventh Congr~ss,
Brazil, Rio de'Janerio, pp. 641-655, August 1964.
The object..of this research is to ,investigate how skew
bridges with ,two or more main girders , connected rigidly
toge'ther' by cross frames and wind b:r;ac'ings, will- behave' if
they are treated as space structures. The ;author has found
that by taking into account the load' distribution and space
frame action in the ,design, of ,skew bridges, a'considerable
amount of material can be' saved in the main girders. On: the
other hand,the additibnal fo~ces in, the cros~f~ames and
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wind brac~ngs produced by vertical loads must be taken into
consideration in order to obtain a safe structure.
A.3 Aktas, Z. and VanHorn, Do A.
BIBLIOGRAP~Y ON LOAD DISTRIBUTION I~ BEAM-SLAB HIGHWAY
BRIDGES, Fritz Engineering Laboratory Report No. 349.1~
September 1968.
The principal bbjectives 6f this report.~ere to inves-
tigate the available literature on field tests, analytical
methods, model studies related to load distribution in beam-
slab highw'ay brid'ges utilizing prestressed cone'rete I-beams
as the main beams. D'uring the progress of the investigation,
however, the' cont~ent of this wor'k was enlarged to include
bridges suppo~ted by 6ther ~~oss-sectjon~l shapes of pre-
stressed concret'e beams·, as w:e'l-l as" some steel members &
A total of 118 references is includ~d.' The references
are categorized according to type of coverageo'
A.4 Aneja, I. K. and Roll, F.
MODEL ANALYSIS OF CURVED BOX-BEAM HIGHWAY BRIDGE,
Journal of the Structural Division, Proceedings of
ASeE, Vol. 97, No. ST12, pp. 2861-2878, December 1971.
F'abrication, preparation and instr,umentation, of a plas-
tio model, of a horizonta,lly cu.rved box-beam highway bridge
is described 0 The model was e:xtensively instrumented with
rosette strain gages, atthr~e' c:boss s'eqti?ns ~ E:xp~rimental
data for ,three l~ne, loading cond~tions ~as 'obtained. An
a,pproximate theoretica.l ,analys-is. of the model was· obtained
by using finite element method~ A typical co~parisonbe­
tween~he ~xperimental and theor~,tical stress distribution
across the mid-span gage se6tion for one of the loading con-
di tions is s.hown ,gra,phi.cally .. The c.om,parison shows a good
agreement. petween the shapes but not the magnitudes of the
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stress pl?ts obtained experim~ntally and theoretically. Ex-
perimental data at the three gage sections for each load
condition is also given.
A.S Antoni, c~ M. and Corbisiero, J. A.
INSTRUMENTATION AND TESTING OF AN EXPERIMENTAL CONTINU-
OUS CONCRETE BRIDGE WITH HIGH-YIELD-STRENGTH STEEL,
Highway Research Board Research Record, Nd. 295.
A four-span, four-lane continuous concrete bridge re-
inforced with high-yield-strength steel was designed and
constructed.
Five separate test paths across the 'bridge were used,
with four speeds ranging f~om 3 to 30 mph. Straitis in the
reinforcing steel and concrete at midspan and support lo-
cations, and deflections at midspan were continuously re-
corded during each runo Long-term dead-load deflections
were measured periodically with'a precise level. Severe
impact was created by directing truck wheels over a stepped
plank 0 Strain data redu~ed -to stresses are examined in
terms of design values. Actual load distribution an~ impact
factors, as well as neutral axis location, are computed from
the exp~rimental data. The results confirm the design im-
.pact factor, but show load distribution ,to the gi.rders to be
ap,proximately 70 percen-t of the design value.. Design work-
ing stresses may never be realized because of specification
requirements for design-loading and its dis~ributiono Long-
term dead-=load deflection, "measurements check design esti-
mates closely. This high-yield-strength steel reinforced
concrete structure is performing satisfactorily and in the
~anner predicted by analysis and· model testing.
Sl
A.6 Arendts, J. G. and Sanders, W. W.
CONCRETE BOX GIRDER BRIDGES AS SANDWICH PLATES, Journal
of the Structural Division, Proceedings of ASeE, Vol.
96, No. 8T11, pp. 2353-2371, November 1970.
A relatively simple, accu~ate method for the complete
determination of internal moments, shears, and deflections
in concrete box girder bridges with statically applied ex-
ternal vertical loads has be~n deve,loped and is described.
The method of analysis used is based on the concept of re-
placing the actual structure by an equivalent uniform plate
which, models the behavior of the actual structure. The ob.-
jectives of the study, which are analyzed in detail, are
(1) a discussion of the basis and applicability of the analy-
s~s of box girder bridges by sandwich plate theory;: (2) pre-
sentation and solution o£ the governing equations for the
boundary conditions and 'loadings considered; (3) the develop-
ment of procedures fo~ computing governing stiffness para-
meters; ,a11d (4) presentation, of results derived for a sample
structure and comparison of predicted beam bending, moments
with corresp0nding quantities _measured ih ~ full scale field
test bridge.
A.7 Ary~, A~ S.~ Khachaturian" N. and Siess, C. P.
LATERAL DISTRIBUTION OF CONCENTRATED LOADS ON MULTI-
BEAM HIGHWAY BRIDGES, University of Illin~is, Urbana,
Structural Research Series Report 213, 1960..
A.a Arya, A. S. and Lohtia, R. P.
JOINT FORCES IN MULTI-BEAM BRIDGES, Indian Concrete
Journal, Vol. 39, No.4, pp. 146-151, 1965.
This paper deals wiTh th~ computation of maximum forces
at the joints between beams in multi-beam;bridges under
i
Indian Roads Congress standard loadings. The computations
were made utilizing influence cbefficients calculated for
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these forces on the basis of a rigorous theory as described
in a thesis submitted earlier.
A.9 Arya, A. S. and Lohtia, R. Pe
DISTRIBUTION OF WHEEL LOADS ON, MULTI-BEAM HIGHWAY
BRIDGES, Indian Concrete Journal, Vol. 38, No. ~, ppe
127-135, 19640
The results of an investigation on the distribution of
concentrated loads between the various beams of a multi~beam
bridge are given in this~article. The maximum moments in
the beam elements produced by I.RoC. class AA, A and B load-
ings are derived on the basis of a rigorous theory. Experi-
ments conducted on a steel model and a reinforced concrete
model bridge show that the theoretical results are- reliable
at both the working and ultimate loads. The simplified
expressions given in the article can be used to calculate
with sufficient accuracy the fraction of an axle load of a
moving vehicle for which the beam elements may be designed 0
These formulae are recommended for use in the design officeo
A.IO Arya, A. S. and Surana, C: .. So
DISTRIBUTION OF IRe STANDARD LOADS IN SLAB-AND-GIRDER
BRIDGES, Indian Conc~e~e Journal, Vol .. 39, No. 12,
pp. 466-473, December,' 1965 0
The method derived .by A. N. Hendry and Lo Go' Jaeger was
applied to find the load distribution under Indian Roads Con-
gress wheel loadso Two-lane bridges consisting of three or
four beams were tested in the field. The test results were
used to compute the distributed load as the fractions of
wheel loads. The tables prepared can be used to design
reinforced concrete slab and girder bridges or composite
bridges ..
B.l Baldwin,~. w.
IMP"ACT STUDY OF A STEEL I-BEAM HIGHWAY BRIDGE, The
University of Missouri (Columbia) Bullet.in, Engineering
Experiment Station, Series No. 58, October 1964.
The purpose of the test series reported was to investi-
gate the ,impact factor.
The test structure Was a three-span continuous bridge
in Missouri. The bridge ' was subjected to five series of
tests. The first three s'eries were used to investigate the
effects of the lateral position of the truck lane on the
bridge. The remaining two.were designed to study the in-
duced roughness effect on the impact factor. Each series
had several static and dynamic test runs.
In the first part of the report, the structure, test
vehicle, instrumentation, and test procedure are described.
-Next, the test results are analyzed; theoretical and experi~
mental. moments and deflections are compared. The composite
action, frequency, of vibration, and amplitude of vibration
are investigated, and the effect of speed on,moment and
deflection is discussed.
A .comparison of the continuous span with a simple spa~.
is given in the last part of the report.
B.2 Baldwin, J. W.
FIELD TESTS OF A THREE-:oSPAN CONTINUOUS HIGHWAY BRIDGE,
Highway Research Board Research Record, No. 76,
pp. 140-167, 1965.
A three-span continuous I--beam bridge of non-composite
design was subjected to several series of static and' dynamic
tests. Strains and deflectiolI5 in each stringer were re ...
corded continuously during the~ tests. Moments in the bridge
were calculated from the ,experimental strains by taking into
account the semi-composite nature of the structure~ These
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moments were compared with those calculated by elastic analy-
sis. Measured deflections were also compa~ed with those pre-
dicted by the elastic analysis. The nature of the semi-
composite behavior Was studied. The friction-link pheno-
menon provided an explanation of the rather unusual observed
behavior. Lateral distributions of moment and deflection
were compared with theoretical analyses and with the AASHO
code.
Response of the structure to dynamic loads was compared
with theoretical analyses and found to be in reasonable
agre~ment. Within the limits of these ~~sts, speed of the
test vehicle was found to have only a slight effect on the
impact factoro Severe roughness at the approach was found
to have little effect on the maximum moments and deflections.
Consideration of the damping characteristics of the vehicle
suspension indicates that the effects of the roughness were
damped out before the vehicle reached a·critical position in
the span.
B.3 Bares, Ro
COMP~EMENT A LA METHODE GUYON-MASSONNET, DE,CALCUL DES
paNTS A ·POUTRES MULTIPLES, Annales des Travoux Publics
de Belgique, Volo 1, pp. 7-69, January 1965, pp,
147-l71~Ap,ri+- 1965D (In Fr:ench) .
As the title implies, this paper is a complement to
the Guyon-Massonne"t method in the design o£ multiple beam
bridges. The author uses an analogy between a beam system
and an orthotropic plate. For an easy and more accurate ap~
plication, practical relationships are given, and coeffi-
'cients are computed and listed in eighty tables, for the ,pur-
pose of quic'k, complete, and accurate determination, of shear-
ing stresses, reactions, bending moments and deflections
over a wide range of beams used in practice.
S5
B.4 Barker, .Re M. and Mastrogeorgopoulus, S. C.
DISCRETE ANALYSIS OF ARBITRARILY SHAPED BRIDGE DECKS
WITH ECCENTRIC STIFFENERS, Proceedings' of the Specialty
Conference on the Finite Element Method in Civil
Engineering, McGill University, Canadian Society of
Civil Engineering, Montreal, Quebec, Canada, pp.
971-994, June 1972.
A finite-element analysis is presented for plates rein-
forced; with stiffeners whose neutral axes do not coincide
with that of·the plate. Higher order triangular elements
are combined to simu-late inplane and lateral bending actions
of all elements in ~he bridge deck system. Comparisons are
made with equivalent orthotropic plate theDry and with a
solution of discrete-continuous field equations. Results
indicate that there is a greater lateral transfer of con-
centrated loads than is given by present theories.
~.s Barton, R. M.
PRESTRESSED PRECAST CONCRETE RAILROAD BRIDGES., Journal
of Structural Division, Proceedings at ASCE, Vol. 94,
No. ST12, PPD 2885-2911, December 1968.
Prestressed, precast hollow concrete box girder units
are now being used extensively for underpasses, trestle re-
newal and stream bridges by major Western U'.S. railroads.
Historical development and current detai·ls of design, fab."..
rication and methods of erection are presented, with special
attentioh to thirty-four bridges totalin~ 2,350 linear feet
on Southern Pacific's 78-mile Palmdale-Colton line in Los
Angeles and San Bernardino Counties, completed in 19670
Girders were fabricated in Arizona and transported by rail
to'site. Double-cell box girders form spans to 45 feet, and
multiple single cell girders, weighing up to 70 tons each,
for spans to 86 feet. Epoxy grout joins the boxes together
longitudinally. The upper surface of the box serves as the
floor for the railroad~ballasted track section. The boxes
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are suppo~ted on elasto-met~ic pads. Most ecoriomical bridges
were 45-ft~ spans with open-end abutments. This type of
construction expected to be economical for spans substan-
tially in excess of 86 feet.
B.6 Barutciski, To, Robichaud, L. P. and B~dard, J.
THEORETICAL AND EXPERIMENTAL STUDY OF HIGHWAY SKEW SLAB
BRIDGES, Transactions ~of the Engineering, Institute of
Canada, Paper No. EIC-67-BR, March 1967.
The paper is a summary of the main results of the be-
ginning of a research program in the progrmnming of plates
and shells by finite difference equations.
Finite difference equations for a system of oblique co-
ordinates lend themselves very well to the analysis of
skewed plates by computerso The problem is solved in a gen-
eral manner for any skew angle and for any ratio between the
two dimensions.
Bo7 Bell, L. C. and Heins, C. P.
THE SOLUTION·OF CURVED BRIDGE SYSTEMS· USING THE SLOPE-
DEFLECTION FOURIER SERIES METHOD, .,PROGRESS REPORT ON
THE DESIGN OF CURVED VIADUCTS, Civil Epgineering Depart-
ment, University of Maryland at College Park, June 1968.
In order to evaluate the behavior of curved girder
bridge systems, when subjected to static loadings, several
techniques have been proposed e Both of these·' techniques
will account for complete interaction of all flexible sup~
. porting members and the bridge deck .. This report presents
the necessary computer programs and extensions to the pro-
posed TTSlope--Deflection Fourier Series Method TT •
The Slope~Deflection Fourier Series method determines
the bridge deflections, slopes and internal girder forces at
any location. on the bridge structure. The method allows for
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the interaction of all curved girders and an orthotropic
slab. The incorporation, of orthotropic slab properties
will permit the inclusion, of any type of slab· stiffness.
Computer programs have been written to analyze both the
single span and the two span continuous configurations.
These programs have been used to verify the development by
making comparisons to a number of limiting cases. A stiff-
ened plate model has been constructed and tested as a further
verification of the method.
Investigations of a hypothetical curved bridge span and
the analysis of a 1/8 scale highway bridge model further
illustrate the applications of the method.
The resulting computer programs can be used for pre-
liminary design and investigation studiesG In addition,
these programs will be used to develop working design cri~
. teria, part II, of the general research program.
B.8 Berkelder, A. G. J.
LASTVERTElLUNG BEl EINFELDRlGEN BRUCKEN MIT ZWEI
TORSIONSSTEIFEN HAUPTTRAGERN, Stahlbau, Vol. 35,
Noo 6, pp. 180-187, June 1966. (In German)
Load distribution: in single span bridges with two tor-
sionally rigid main girders is discussed. It is assumed
that (1) cross-ties (diaphragms) are close one .to another,
and can be treated as one continuous cross~tie, and (2)
both girder ends are restrained from torsion by one common
end tie. To determine load distribution, factors for symmet-
ric and assymmetric loads, formulas are derived. The ef-
fects of end tie deformation, local stresses due to trans-
verse roadway ribs, and settlement of the substructure are
taken .into 'consid,eration.
S8
B.9 Best, B. '~. and Rowe, R. E.
ABNORMAL LOADING ON COMPOSITE SLAB BRIDGES, (1) TESTS ON
A BRIDGE WITHOUT TRANSVERSE REINFORCEMENT, Cement and
Concrete Association Technical Report TRA!301, London,
October 1958.
Tests on the first of a series of composite slab bridges
are described and the results analyzed. The bridge tested
had no transverse reinforcement and comprised only precast
prestressed inverted T-beams and high-strength'in situ
concrete.
The tests showed that the bridge behave:d 'satisfactorily
under both the design and the ultimate loading conditions
for abnormal loading provided that the individual beams were
designed on the basis of the Ministry of' Transport increased
standard loading. The distribution properties were not
satisfactory.
B.IO Best, B. C. and Rowe, R. E.
ABNORMAL LOADING ON COMPOSITE SLAB BRIDGES (3) TESTS ON
A BRIDGE WITH SOME TRANSVERSE REINFORCING STEEL, Cement
and Cocrete Association Technical Report TRA!309,
London, January 1959.
Tests on the third of a series of composite slab bridges
are described and the results analyzed. The bridge incor-
porated precast inverted T~beams, in situ concrete, and mild-
steel transverse reinforcement.
The bridge behaved satisfactorily under both the design
and ultimate loading conditions for abnormal loading, pro-
vided that the individua"l beams were designed on the basis
of" the Ministry of Transport increased standard loading.
The distribution properties were poorer than those of a
similar isotropic slab under the abnormal load.
B.ll Biggs, M. J. and Suer, H. S.
VIBRATION MEASUREMENTS ON SIMPLE SPAN BRIDGES, Highway
Research Board Bulletin 124, PP. 1-16, 1956.
This paper presents results of field measurements of
dynamic deflections of simple-span bridges due to the pas-
sage of a heavy vehicle. Data are presented for five bridges
of typical design. N~ strain, measurements are presented,
and the discussion is limited to a cons~deration of midspan
deflections. Typical dynamic deflection records are shown
for the five bridges tested.
The maximum observed amplitudes of vibration for the
test bridges vary from 18 to 40 percent of the maximum static
deflection. These amplitudes are considerably greater than
would be produced by a t~eoretical smoothly running load.
The frequencies of the observed vibration while the load
is on the span is generally not the natural frequency of the
structure but is apparently related to the natural frequency
of the vehicle on its suspension system. Experiments with a
vehicle in which the springs had been blocked out of action
indicate that considerably larger vibrations occur in this
case than in the case of a completely sprung vehicle.
It is concluded that one of the most important factors
which influence the vibration of bridges ,is the dynamic char-
acteristics of the vehicle itself. Another important factor
is the c6ndition of the roadway surface on the approaches,
which ~ay cause :a vibration of the vehicle mass on its sus~
pension system as it enters the ~pan.,
Also reported are experiments with~ a vertical accelero-
meter which may be used to measure vibrations without refer-
ence to a fixed poiht. The us~ of an accelerometer is shown
to be a satisfactory method for measuring the free vibration
of a bridge.
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B.12 Bonakdarp~ur, B., Bell, L. C. and Heins, C'. P.
THE' BEHAVIOR OF A,CURVED BOX BEAM MODEL ,BRIDGE, PROGRESS
REPORT ON THE DESIGN OF CURVED'VIADUCTS, Civil Engineer-
ing Department, University of Maryland at College Park,
Report No. 36, June 1970.
A·small plexiglas curved box beam model bridge was
tested when subjected to various concentrated loadings. This
model consisted of a three cell unit, with a common top plate
element. The model was instrumented with,~train~ deflection
and rotation gages. The model· was tested as a single span
and two span structure. A series of stiffness, models were
also fabricated and tested in order to evaluate the stiffness
properties 0 The resulting experimental data was then com-
pared to the analytical data.
The analytical data was obtained from a series of com-
puter programs incorporating the "Slope Deflec·tion Theory".
The required stiffnesses of the box beams were obtained by
considering:
(1) Single Cell Behavior
(2) Multi-Cell Behavior
Using these properties and evaluating the resulting
analytical deflections and strains throughout the model,
these data were then compared to the experimental data. In
general the single girder cell properties provide conserva-
tive deflection and rotational data in comparison with. the
experimental data, but provides a,smaller variation than the
multi~cell data. When comparing the strain data, there is
little difference between the two analytical results; with
,both techniques yielding slightly unconservative data. Exam-
ination,of the warping strains shows that the. primary, influ-
ence is, bending, with negligible warping effects. Thus the
torsional. mode is resisted primarily .by the St. Venant ef~
feet, a~ would be expected for a,box section.
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In conclusion it may be stated that the TtSlope Deflec-
tionTT m~ihod does provide a useful technique in the analysis
of box beam models. The. use of single box section proper-
ties, and considering only bending and St. Venant torsional
properties, provide good results. Application of this tech-
nique to scale bridge models and prototype structures, how-
ever,. w~uld require further testingo However, it appears
that the technique would be applicable as indicated by the
tests described in this report.
B.13 Boomsliter, G. P·., et al.
DISTRIBUTION OF WHEEL LOADS ON TIMBER BRIDGE FLOOR,
West Virginia University Engineering Experiment Sta-
tion, Research Bulletin No. 24, 1951.
Tests were carried out to determine stringer load due
to wheel loads. Deflections caused by different load place-
ments are given. The effect of two rear wheels of a truck
is discussed. Stresses, as calculated from d~flections are
compared with those 'determined from strain readings.
B.l4< Bouwkamp, J. G.
BEHAVIOR OF A SKEW STEEL-DECK BRIDGE UNDER STATIC AND
DYNAMIC LOADS, University of California (Berkeley),
Structures and Materials Report ~o. SESM 65-2, June 1965.
The primary objective of the studies described in this
report was to evaluate the structural response of a skewly
stiffened skew steel deck plate under concentrated static
loads. The load distribution in the deck under single and
combined concentrated static loads was the objective of the
experimental phase of the program. An analytical program was
also developed to predict the behavior of such a deck under
wheel loads. The behavior of the prototype subjected to
heavy dynamic traffic loads was also studied experimentally~
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In ~~e report, loading and instrumentation are given
first. Next follows the analytical solutions of the skew
plate in a closed form. A finite difference method was also
used to get an analytical solution. Later analytical and ex-
perimental results under static and dynamic load are presented.
B.lS Bouwkamp, J. G., Brown, C. B., Scheffey, C. F. and Yaghami, S.
BEHAVIOR OF SINGLE SPAN COMPOSITE GRIDER BRIDGE,
University of California (Berkeley), Structures and
Materials Research Report No. SESM 65-5, August 1965.
The measurements obtained from the Webber Creek Bridge
under a slowly moving vehicle were used to study the behavior
of a bridge of this type, and to develop an accurate mathe-
matical model. The bridge was of a single-span, composite-
girder construction.
The report has three parts. In the first part, field
test data and its reduction is given. Using the experimental
data, moment distrubiton to the four girders ·is determined.
Theoretical and computer analyses form the second part. The
bridge was analyzed by dividing the bridge into a grid system
and utilizing a digital comppter.
In the last part of the report, the experimental results
are compared to those obtained analytically, and the accuracy
of the prediction by the proposed analytical method is
discuss~d.
B.16 Bouwkamp, Jo and Scordelis, A.
STRUCTURAL BEHAVIOR OF A REINFORCED CONCRETE BOX GIRDER
BRIDGE, Conference at University College, Cardiff,
Developments in Bridge Design and Construction,
March 1971.
The construction, instrumentation and testing of a
large, reinforced box girder model are described. T~e
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system qf data acquisition and methods of data reduction are
treated, and pertinent data from some important.loading case~_
dealing with deflections, longitudinal moments at the instru-
mente,d sections, and, the distribution of the moments among
the girders are tabulated. Comparisons are made with results
obtained from an analysis based on the folded plate equations,
and general conclusions are drawn from the results.
B.17 Bouwkamp, Jo Go, Scordelis, A. C. and Wasti, S. T.
STRUCTURAL BEHAVIOR OF A TWO SPAN REINFORCED CONCRETE
BOX GIRDER BRIDGE MODEL, Vol. I - DESIGN, CONSTRUCTION,
INSTRUMENTATION AND LOADING, Structures and Materials
Research, Department of Civil Engineering, University
of California (Berkeley), UC-SESM Report No 0 ,71-5,
April 1971 ..
A detailed study of the instrumentation, construction
and testing of a large scale two span, four cell reinforced
concrete box girder bridge model is presented. The selec~
tion of the model scale, the choice and location of instru-
mentation, and the system of data acquisition are discussed.
A loading schedule incorporating the various types of load-
ing, support conditions and stress levels is describedo Re-
sults of control tests on steel and concrete are given. The
two main theories for analyzing box girder bridge behavior,
i .. e. the folded plate and finite element,methods, are
briefly described with reference to th~ bridge model of the
present study.
BellS Bramer" Co R., et al.
PRESTRESSED CONCRETE CHANNEL BRIDGES FOR SECONDARY
ROADS- An, !nvestigation o,f the Elastic Load Distribu-
tion Under Live Loading, North Carolina State Univer-
sity, Engineering Research Department, June 1962.
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B. 19 Brewster, D. W. ,
BENDING MOMENTS IN ELASTIC SKEW SLABS, The Structural
Engineer, Vol. 39, No. 11, pp. 358-363, November 1961.
The use of an Electronic Digital Computer has made it
possible to calculate accurately and quickly bending moment
coefficients which arise in monolithic skew slabs and ex-
amples are given showing a few of the figures obtained.
The biharmonic equation with fini te d,ifference techni-
ques has been used, the whole of the calculation being
carried out on the Ferranti "Pegasus" Computer to obtain co-
efficients for point loads, uniformly distributed loading
and knife edge loads.
A brief description of the computer program :is included
together with an explanation of the results.
The coefficients are general and are quoted where ap-
propriate as functions of the skew length from which it is
possible to obtain the bending -moments applicable to a
particular design by the use of a slide rule.
B.20 Brooks, D. S. ,
DESIGN OF INTERCONNECTED BRIDGE GIRDERS, Civil
Engineering, (London), Vol. 53, No. 623, pp. 535-538,
May 1958, and pp. 682-684, June 1958.
The manner in which a concentrated load or a system of
loads is carried by a main beam with regard to' interconn~c-
i "
tion wi th transverse beams is studied. 'A new method of
analysis found at the University of Adelaide is explained.
In this method, operators cdm;puted from simple beam theory
are used. Symmetrical and anti-symmetrical operators are
discussed. It is the authorTs feeling that a ~elaxation
method of solution has the advantage of rapid clo~ure, and
enables a designer to solve all the redundancies in a
structure.
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C.l Ca'rpentev, J. E., Magura, D. D. and Hanson, N. W.
STRUCTURAL MODEL TESTING ~ TECHNIQUES FOR MODELS OF
PLASTIC, Journal of the Portland Cement, Association
Research and,Development Labo~atories, Bulletin D'76,
Vol. 6, Noo 2, pp., 26-47, May 1961+.
A labor~tory investigation concerning the use of struc-
tural models in research and practical design is being re-_
ported in a series of papers. This paper describes techni-
ques involved in fabrication of models made of plastic,
various testing methods and associated hardware, and pre-
paration and use of suitable instrumenta,tion. The impor'-
tance of careful attention to all significant details is
emphasized and illustrated by examples of difficulties ex~
perienced in some model investigations.
C.2 Carpenter, J. E. and Magura, D. D.
STRUCTURAL· MODEL TESTING...,. LOAD DISTRIBUTION IN CONCRETE
I~BEAM BRIDGES, Portland Cement Association Bulletin
D-94, September 19650
Tests on a few small scale Plexiglas models of pre~
stressed concrete highway bridges continuous over two spans
are reported. Concentrated load distribution:for different
width-to-span ~atios and several arrangements of interior
diaphragms was 'measured~ The results were found to conform
closely to those predicted by elastic theorye Excellent
agreement was found between the behavior of one of the small
scale models and that of a geometrically similar half~scale
prestressed bridge tested earlier in the laboratory.
The effect of pla~ing the AASHO loading HS-20 on the
various test bridges, as calculated from model test data, is
compared with the AASHO Specifications and calculations
based on the Guyon-Massonnet elastic theory.
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There are three appendices given in the paper. In Ap-
pendix A brief descriptions are given of the construction of
the model', support apparatus, test methods, and instrumenta-
tion. Appendix B includes a bri'ef description of ,the Guyo_n-
Massonnet theory, the Mattock-Kaar correction for the effect
of concentrated loads, and the computer program for obtain-
ing numerical values from these theories. Additional re~
suIts are obtained analytically for a wider range of width
to span ratios and diaphragm arrangements than were investi-
gated experimentally. These results are given in Appendix C.
C.3 Caughey, R. A. and Seene, J. H.
DISTRIBUTION OF LOADS IN BEAM AND SLAB BRIDGE FLOORS,
Final Report to Iowa Highway Research Board, Iowa State
University, Iowa Engineering Experimental Station,
~eptember 1959.
C.4 Ceradini, G.
THEORIE DES paNTS COUSES A POUTRES MULTIPLES, Inter-
national Association of Bridge and Structural Engineers,
Vol. 25, pp. 51-63, 1965.
\The theory of polar-orthotropic plates is briefly des-
c,ribed and applied to the analysis o-f multi-girders curved
\/
bridges. The numerical computations are developed by means
of an electronic computer.
A simplified theory is then deduced by introducing the
hypothesis of rigid transverse beams.
C.5 Chapman, B. C., Dowling, P. J., Lim, P. T. and Billington,
c. J. u
THE STRUCTURAL ,BEHAVIOR OF STEEL_AND CONCRETE BOX
GIRDER BRIDGES, The Structural Engineer, Vol. 49,
No.3, March 1971.
67
The ·deformational behavior o·f single and multicell
steel and concrete box girders is studied by reference to
specific examples which incorporate variations in wall thick-
ness, loaded length, stiffener size, diaphragm spacing, shape
of section, curvature, and support positions.
The significance of symmetrical and antisymmetrical com-
ponents of load is studied. It is noted that deformational
stresses occur under symmetrical loading if the supports' are
skewed, if the bridge is curved, or in multicell ·sections.
The importance of providing adequate restraint against defor-
mation of the cross section, especially in steel boxes, is
demonstrated.
C•6 Chen, c. ~H. and- VanHQrIF,'·l;-P. A..
STATIC AND DYNAMIC F~EXURAL BEHAVIOR OF A PRESTRESSED
CONCRETE BRIDGE, Fritz Engineering Laboratory Report
No. 349.2, January 1971.
This report describes the field testing of an existing
beam-s lab highway bridge constructed wi th pres,tressed con-
crete I-beams as the main longitudinal girders. The maximum
moment cross sectlon (near midspan), and a cross section near
'quart~r-span, were seleqted as the test sections.
For single-vehicle ioad1ng, the distribution coeffi-
cients at the maximum moment section were more uniform than
the coefflcients at the'quarter-span section. However, be-
cause of the compensating effect resulting from multi-lane
loading, the distribution factors at both sections were
nearly equal. However, it is strongly recommended that fur-
ther work be devoted to the development of new provisions
which parallel the proposed provisions -for the spread box-
beam superstructure.
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C.7 Chen, T., Siess, C. and Newmark, N.
MOMENTS IN SIMPLY SUPPORTED SKEW I~BEAM BRIDGES,
University of Illinois, Urbana, Engineering Experiment
Station Bulletin Noo 439, January 1957,.
The type of structure considered in this investigation
is a simple-span skew'bridge, which consists of a concrete
slab of uniform thickness supported by five identical steel
beams, uniformly spaced and parallel to the direction of
traffic ..
The data here are based entirely on analytical consid-
erations, and were obtained by means of the method of ,finite
differences. Although it yields results that are only ap-
proximate, its use is justifiabl~, particularly where compli-
cated boundary conditions are encountered which may prevent
the expression of exact solutions.
The flexibility of the beams is taken into account in
the analysis. Moments are dete~mined at various points in
the slab and in the beams for differen~ position~ o~ a con-
centrated load' on the bridge. Influence values for moments
and deflections are given for a group o,f structures of var-
ious proportions and relative stiffnesses of the slab and
the beams, and of different angles of skew. Influence sur~
faces for moments and deflections are shown for several of
the structures studied 0 From th~ influence values, moment
coefficients were determined fo~ a number of skew bridges of
different span lengths and subj-ected to s~andard' highway
truck 16adso Some general relation~ pertaining to the de-
sign of skew I-beam bridges have been derived from the re-
sults of analyses.
e.8 Chen, YD S. and VanHorn, De Ao
STRUCTURAL BEHAVIOR OF A PRESTRESSED CONCRETE BOX-BEAM
BRIDGE~ Fritz Engineering Laboratory Report 315Aol,
Decernber 1970 e
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._Th~s. report describes the field testing of an, in-serv.ice
beam-slab highway bridge constructed with prestressed con-
crete spread-box beamso The principal objectives of this
study were to experimentally investigate the dynamic effect
of moving vehicle loading and vehicle impact loading, and to
provide additional information on lateral load distribution
I
of the bridge under static vehicle loading. The testing
program consisted of the continuous reading of beam surface
strains and beam deflections at the maximum moment section
of a simply supported span, as a test vehicle was driven
over the test span at speeds ranging from 2.5 mph to 60 mph~
including 10 mph, 2-inch drop, impact runs.
It was found that the experimentally determined distri-
bution factors for interior beams were substantially less
than the values used in design of the superstructure, whereas
the experimental values for exterior beams were greater than
design values. It would be desirable to include the effect
of curb and parapet in future design procedures for distri-
bution factors. The lateral load distribution for speed
runs and impact runs was found to be more nearly uniform
than that for crawl runs.
It w~s found that the dynamic load factors were not
linearly related to the speed of the vehicle. It was also
found that the maximum amplification of bridge vibrations
was reached when the observed load frequency of forced vibra-
tions was approximately 'equal to the natural unloaded fre-
quency of bridge. The magnitude of amplification of bridge
vibration under the 10 mph, 2-inch drop, impact loading was
twice as large as that under 2.5 mph crawl run loadingo The
experimental unloaded natural frequency of the bridge was
found to be in close agreement with a theoretical valueo' In
addition, both methods used in this study to obtain
\)
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experimen.tally determined beam moments could be utilized to
analyze the structural response of the prestressed concrete
bo,x-beam bridge.
C.g Cheung, M. S., Cheung, Yo K. and Ghali, A.
ANALYSIS OF SLAB AND GIRDER BRIDGES BY THE FINITE STRIP
METHOD, Building Science, Vol. 5, pp. 95-104, 1970.
The finite strip method is used for the analysis of
s,imply-supported and conti'nuQus slab' girder bridge decks of
constant widtho New feautures presented herein include the
derivation, of the stiffness matrix of a beam and its coupling
with strips, the derivation of the s'tiffness matrix' of a
strip with longitudinal variation-in thickness, and the
analysis of bridges with discrete internal column s'upports l>
The finite strip~method requires the operation on
narrow=oband matrices-of,small order which can be easily
carried out on asmal'l' capacity computer', and the computat=t
tions involved are remarkably less than'ih other methods.
Some of the results obtained by this method are verified
by model testing while other results are compared with
TTexactTT or approximate solutions. Good agreement has been
observed for all cases.
C'o 10 Cheung, Y. Ke
FINITE STRIP METHOD ANALYSIS OF ELASTIC SLABS, Journal
of ,the Engineering Mechanics Division, Proceedings of
,ASeE, VolG 94,. No~ EM 6~ pp. 1365=01378, December 1968.
Rectangular elastic isotropic and orthotropic slabs for
a variety of plate loadings and boundary conditions are ana-
lyzed by the finite strip method, in which a combination of
...
trigonometric and hyperbolic series satisfying the boundary
conditions in the longitudinal direction is used together
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with a ~i~ple polynomial function in the transverse direc-
tion. By using variational principles, the stiffness and
load matrices of each s~rip are readily derived. The stiff-
ness and load matrices' for the whole slab are then assembled
and solved to give the displacements, from which the moments
can be calculated~ Excellent accura~y has been achieved for
various numerical examples using only a re'latively small
number of discrete computational variables. Beam-slab struc-
tures such as bridges should be readily amenable to the ap-
plication,of this ,method.
C.ll Cheung, Y. Ko
THE FINI,TE STRIP METHOD IN THE ANALYSIS OF ELASTIC
PLATES WITH TWO OPPOSITE SIMPLY SUPPORTED ENDS,
Proceedings of Institute of Civil Engineers, Vol. 40,
pp. 1-7, May 1968s
This paper presents an extension of the Finite Element
Method to the analysis of isotropic and orthotropic variable
thickness plates in which two opposite ends are simply sup-
ported and the other ends have arbitrary boundary conditions.
A number of examples have been analysed, and in all cases
excellent accuracy has been obtained.
The advantage of the present approach over the conven-
tional Finite Element Method (which requires division into
elements in the longitudinal direction as well) lies in the
greatly reduc~d size as well as band wid~h bf the matrix
needed to be solved, and is thus ideally suited for program-
ming on small and medium size computers .
.C. 12 Cheung, Y. K. ,
OR~HOTROPIC RIGHT BRIDGES BY THE FINITE STRIP METHOD~
Second International Symposium, Concrete Bridge Design,
.. ~Paper SP 26-8, pp .. 182-205, Aprll 1969.
Included is a discussion by Ao R. eusens.
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Right orthotropic bridges are analyzed by the Finite
Strip Method. In this method harmonic functions which fit-
ted the simply supported end conditions in one direction are
used in conjunction with polynomials for the other direction,
and as a result a s:imple beam-type stiffness matrix for a
strip can be derived. Such an approach has been shown to be
much more accurate and versatile than the Guyon 'and Massonnet
methods of equivalent slabs.
C.13 Cheung, Yo Ko, King, 10 P. andZienkiewicz; O. C.
SLAB BRIDGES WITH ARBITRARY SHAPE AND SUPPORT
CONDITIONS: A GENERAL METHOD OF ANALYSIS BASED ON
FINITE ELEMENTS, Proceeding's of the Institute of
Civil Engineers, Vol. 40, pp. 9-36, May '1968.
This paper describes the application of a general ele-
ment p,rogram incorporating triangular plates, beam and sup-
port column TfelementsTf. The objective is the assessment of
accuracy attainable in evaluating bending moments and sup-
port reactions for complex situations encountered in modern
bridges. Particular attention, is given to the problem of
column supports. Comparison with exact solutions and model
investigation shows excellent agreement and indicates that a
general inexpensive, method of solution is now available.
The paper also presents an explici't fo~m of the stiffness
l l I ,
matrix for triangular plate elements used to make this
widely available.
C.14 Chu, K. and Dudnik, E.
CONCRETE BOX GIRDER BRIDGES ANALYZED,AS FOLDED PLATES,
First International Symposium, Concrete Bridge Design~
American Concrete Institute, Paper SP 23~13,
pp 0 221-246, April 19q7.
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Co~crete box girder bridges may be analyzed by the
stiffness method for folded plates. The method is an exten-
sion of the stiffness method developed by DeFries-Skene and
Scordelis and is based on the theory formulated by Goldberg
and Leve. However, in order to apply the method to concrete
box girder bridges, a number of additional equations need to
be derived. The paper consists of three parts: (a) general
method of analysis, (b) equations for the determination of
fixed edge forces and moments at the interior points of a
plate, and (c) the analysis of a typical concrete box girder.
Moments and stresses obtained by the folded plate analysis
are compared with those obtained by conventional methods.
C.l5 Chu, K~ and Pinjarkar, S. G.
ANALYSIS OF HORIZONTALLY CURVED BOX GIRDER BRIDGES,
Journal of the Structural Division, Proceedings of
ASCE, Vol. 97, No. STIO, pp. 2481-2501, October 19710
A stiffness method for the analysis of simply supported
curved girder bridges with horizontal sector plates and ver-
ti~al cylindrical shell elements is outlined 0 Stiffness co-
efficients of sector plates are presented herein whereas
stiffness coefficients of'shell elements are based on HoffTs
solution of Donnell's equations. A numerical example illus-
trating the applicatioh of the method is shown. Some inter-
esting results, particularly those with respect to the effect
of radius of curvature, were obtainedQ A'comparisoh is made
between the results of a curved twin box girder bridge ob-
tained by the proposed method and Tung's method a
C.16 Chu; K. and I(risl1namoorthy, G.
MOMENTS IN COMPOSITE BEAM BRIDGES BY ORTHOTROPIC PLATE
THEORY, Journal of American Concrete Institute,
Vol. 59, No.5, pp. 705-721, May 1962~
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The ~ffect of the shearing force between the beams and
the slab in a composite beam bridge was taken into account
by considering the beams and the slab acting together as an
orthotropic plate. It was found that beam moments computed
according to the: current highway bridge design specifica-
tions are on the conservative side.
C.17 Chu, K.. and'0'Krishnamo,orthy,G. ,
USE OF ORTHOTROPIC PLATE THEORY IN BRIDGE DESIGN,
Journal of Structural Division, Proceedings of ASeE,
Vol. 88, No. 8T3, p. 35, June 1962.
Problems involved in the application of the orthotropic
plate theory to bridge design are examined. Simplified for-
mulas are developed not only for reducing computing time but
also for improving accuracy. Closed-form solutions are ob-
tained for certain series forms that converge. very slowly.
Recip!ocal relationships between moments at one point and
the load at other points are carefully examined. A method
of integrating the moment curves is given and an example of
the application of theory is shown.
ColS Chung, H. W. and Gardner, N.< J.
MODEL ANALYSIS OF A CURVED PRESTRESSED CONCRETE
CELLULAR BRIDGE, Second International Symposium,
Concrete Bridge Design, American Concrete Insti,tute,
Paper SP 26-14, pp~ 320-356, April ~969.
This paper describes a model investigation of a curved
prestressed concrete bridge. A 1/24 scale perspex model
was used to predict the elastic properties, and a 1/6 scale <
prestressed concrete model to determine the load factor.
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C.19 Clark, L".. A.
-THE SERVICE LOAD RESPONSE' OF SHORT-SPAN SKEW SLAB
BRIDGES DESIGNED BY YIELD-LINE THEORY,·Cement and
Concrete Association, Technical Report, London;
42.464, May 1972.
The results from tests on seven models of short-span
skew slab bridges are presented. Four of the slabs had a
00'
skew angle of 45 and the other three of 30 , the aspect
ratio being about 1.0 for each slab. Different arrangements
of the reinforcement were adopted for each slab, both the
longitudinal and transverse reinforcement being proportioned
in accordance with yield-line theory. It is concluded that
such slabs are unlikely to satisfy the limit state of ser-
viceability. It is suggested that, if yield-line theory is
to be incorporated into the limit state design of such
bridges, the longitudinal steel should be designed to sat-
isfy the limit state of serviceability under both Standard
and abnormal loading, and that the transverse steel should
then be designed by yield-line theory for factored abnormal
loading.
C.20 Clifton, Ro J., Chang, J~ Co and Au, T.
ANALYSIS OF ORTHOTROPI,C PLATE BRIDGES, Journal of
Structural Qivision, Proceedings of ASCE, Vol. 89,
No'. STS, PP. 133-172, October 1963 0
An exact theory for orthotropic plates with either to~­
sionally soft or torsiot:lally stiff eccentric stiffeners,
ft\tfirst formulated by Pfluger, is described and generalized.
The resulting governing equations are expressed by a set of
eighth order differential equations-. The approximate char~
acter of HUber t s fourth order differential, equ~tion which
has been the framework of most existing approximate methods
of analysis is examined ,in the light of the more exact solu-
tion. A bridge deck cohsisting of simply supported
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rectangul~r orthotropi'c plate ,panels is chosen as an, illus-
tration. Numerical solutions are obtained for the' study of
the following factors: Stresses and deformations in plates
with torsionally soft and torsionally stiff eccentric stiff-
eners based on the exact theory; and the accuracy of an ap-
proximate solution based on Huber's equation for a wide
range of stiffener d"imensions and spacings encountered" in
actual design.
C.21 Close, R. A.
DEFLECTION OF CIRCULAR CURVED I-BEAMS, Journal of
Structural Division, Proceedings of ASCE, Vol. 90,
No. STl~ pp. 203-207, February 1964.
The analysis of continuous curved I-beams requires the
prediction of deflections for various loadings on the struc-
ture. The simplest str--uctural element is the cantilever;
therefore, the equations for deflectibns are derived for a
circular curved, cantilever ,beam. The, equations are pre-
sented in a series form for ,ready prog~amming,in an"elec~
tronic computer. Tests indicate close agreement' between the
measured and computed values of deflections.
Co22 Coull, Ao
FREE EDGE BOUNDARY CONDITIONS IN SKErJ PLATES, The
Engineer" Vol. 217, pp. 220-221" january 1964.
The er:t?ors which,~ oec'ur' lin the :s'tress: distribution near
the free edges of a laterally loaded skew plate, due to t~e
satisfaction or Kirchhoff'! s ,artific,:tal boundary conditions,
are considered, and an approximate, me,thad of making local
edge corrections to the solution: is given.
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C. 23 Coull, A•.
THE STRESS ANALYSIS OF ORTHOTROPIC SKEW SLAB BRIDGES,
The Structural Engineer, Vol. 42, No.7, pp. 235-241,
July 1964.
The paper describes an appro~imate method for the direct
stress analysis of orthotropic skew bridge slabs, without the
usual need for intermediate deflection calculations.
The method of analysis employs the principle of least
work in'conjunction with the assumption that the load and
stress components may be represented with sufficient accur-,
acy by a power series in the chordwise coordinate, the co-
efficients of this series being functions of the spanwise
position only. A'system of oblique coordinates is used to
simplify the analysis.
Particular attehtion is focused on the uniformly loaded
skew slab ,and theoretical predictiohs are compared with the
results of an experimental investigation.
C.24 Coull, A.
ANALYSIS OF BRIDGE SLABS CURVED IN PLAN, Civil
Engineering arid Public Works Review, Volo 60,
pp. 1745-1749, December 1965.
A Levy type of solution is used for the analysis of
bridge slabs curved in plan. Theoretical values of deflec-
tions and moments are compared with the results of tests on
, , model slabs, subjected to uniformly distributed loads 0
C.25 Coull, A. and Lickiss, Ko G. f
CONTINUOUS SKEW BRIDGE SLABS BY THE MOIRE METHOD, Civil
Engineering and Public Works Review, Volo 60, Noo 703,
pp. 215-217, February 1965.
A rapid and accurate analysis of slab structures is
't
possible by the use of the Moire interference technique.
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The pres.ent paper describes . its use in the investigation. of
the .. influence of angle of skew on the stress .distribut.ion: in
two-span· continuous skew bridge slabs.
C.26 Coull, Ao and Rao, K'. S 0
THE ANALYSIS OF REINFORCED-CONCRETE BRIDGE DECKS BY THE
LINE-SOLUTION TECHNIQUE, First International Symposium,
Concrete Bridge Design, American Concrete Institute,
Paper SP 23-3, pp. 19-38, April 1967"
The application of the line-solution ,technique to the
general analysis of reinforced concrete bridge decks is des-
cribed. In this method, the partial differential equation
of plate theory is reduced to a set of ordinary linear dif-
ferential equations by replacing ~he derivatives in one di-
rection by their finite-difference equivalents. The result-
ing equations are solved by the matrix-progression technique,
allowing the solution to be expressed as a single matrix
equation. The technique is illustrated by considering the
case of a two-span continuous orthotropic skew bridge slab.
C.27 Craemer, H.
LOAD DISTRIBUTING EFFECT OF A PLATE UPON BEAMS, Civil
Engine-ering and Public Wor'ks Review, Vol. 49, No .. 5,75,
pp. 510-513, 1954.
In the consideration of the load distributing effect,
both, beams and p,lates are assumed to be perfectly' elastic
and to have constant dimensions in the longitudinal direc-
tion. If there are loads between 'the beams, the latter is
imagined to be prevented from any deflection and twist; the
reactions and clamping moments produced thereby ,can be de-
termined by the theory of plates and do not form part ·of the
present analysis .. ,Thus, after relaxation, the problem will
be reduced to vertical loads and external to~sional moments
79
applied-on the beams themselves. The longitudinal-and
transverse- horizontal loads are also considered.
C.28 Cusens, A. R.
BOX AND CELLULAR GIRDER BRIDGES - A STATE OF THE ART
RErORT, Second Int~rnational Symposium, Concrete Bridge
Design, American Concrete Institute, Paper SP 26-12,
pp. 27~-283, April 1969.
A state-of-the-art report on box and cellular girder
bridges is given.
C.29 eusens, A. R. and Pama, Ro P.
, DESIGN OF CONCRETE,MULTIBEAM BRIDGE DECKS, Journal of
Structural Division, Proceedings of ASeE, Vol. 91,
pp. 255-278, October 1965.
The composite slab is one made of separate precast
beams (with, or without some form of shear key), with a con-
tinuous covering of cast-in-place concrete. The pseudo-slab,
on the other hand" is composed of separate beams, and trans-
verse load distribution, is obtained by means of concrete
s.hear 'keys and mild steel shear connectors or' transverse
,prestressing. The composite slab thus possesses more inher-
ent transverse stiffness than the pseudo-slab.
The structural performance of concrete pseudo-slabs
with shear keys and with transverse prestressing is the pri-
mary concern of this paper. Recent tests are described and
a'method of design is suggested.
C.30 Cusens, 'A. R. andPama, R. P.
DISTRIBUTION OF CONCENTRATED" LOADS ON ORTHOTROPI'C
BRIDGE DECKS, The Structural Engineer, Vol. 47, No.9,
September 1969.
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A n~w general method is presented for analyzing the
distribution of concentrated loads in right orthotropic
bridge decks. The analysis is c6mpared' with the Guyon~
'Massonnet analysis within the limited range of the latter
and is found to give significantly higher values of longitu-
dinal momento Good correlation is found with experimental
values on slabs obta~ned by Rowe and by the authors.
C.3l Chen, C.-H. and VanHorn, D. A.
SLAB BEHAVIOR OF A PRESTRESSED CONCRETE I-BEAM BRIDGE -
LEHIGHTON BRIDGE, Fritz Engineering Laboratory Report
349.5, July 1971.
This report presents the experimental results from the
field test of the deck slab of a prestressed concrete I-beam
slab superstructure 0 In the test program~ SR-.4 strain gages
were attached to the top and bottom surfaces of the deck
slab, along a superstructure cross section near midspan.
Measurements were made of the strains produced by the passage
of an HS 20-44 load vehicle passing across the structure in
each of nine load test lanes. Tests were conducted with the
vehicle moving at speeds ranging from 2 mph to 60 mph, and
moving across a midspan ramp at a speed of 10 mph. Informa-
tion on strains, stresses, and bending moments is presented
in the form of tables and influence lines 6 Experimental
values of stresses were compared with the corresponding typi-
cal allowable stresses, and experimentally determined bending
moments were compared with values used in the design of the
slab. The effects of the midspan diaphragm, the corrugated
steel stay~ih~place forms, and the local stresses produced
by the wheel loads are discussed. It was found that, under
the static loading of the bridge, the tensile and compressive
strains and stresses on the concrete slab surfaces were
small, and the experimental slab bending moments were
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conside~aply less than the value used in the design. Under
the impact loading , the maximum tensile stress at, one gage
location reached the vicinity of the ultimate tensile
strength of the concrete. However, it is concluded that in
general, there is very little cracking of the slab under
typical live load design conditions.
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D.l Das, P. Ko -and Basole,.M. M.
FOUR~GIRDER INTERCONNECTED BRIDGE DECKS, Journal of
Institute of Engineering (India), Civil Engineering
Division, Vol. 50, PP. 179-183, March 1970.
The paper studies the l'ateral load distribution in, four-
girder interconnected bridge decks by the ~lexibility matrix
method. Among the various factors affecting the load distri-
bution, it has been found that the number of cross beams, the
ratio of the torsional rigidity to flexural rigidity and the
width~to-span ratio play the most important role in the load
distribution 0 The ratio of. flexural rigidity of cross beam
to main beam has very little effect in lateral load distri-
butiono The effect of the ratio of torsional rigidity of
cross beam to main beam is found to be negligible in the
present investigation 0
D.2 Davies, J. D., Parekh, C.·J. and Zienkiewicz, 00 c.
ANALYSIS OF SLABS WITH EDGE BEAMS, Second'International
Symposium, Concrete Bridge Design, American Concrete
Institute, Paper SP 26-6, pp~ 142-165, April 1969.
Included is a discussion by B. Batchelor.
The paper describes an analytical and experimental in-
vestigation, of the elastic behavior of flat slabs with edge
beams. The analytical study "is based on the finite element
method and the solutions are compared with measurements on
model perspex plates 0 Two types of slab/edge beam configura-
tions are considered:
Type 1:
Type 2:
Slab and beams with coincident centroidal axes.
Slab and beams with non-coincident c~ntroidal
axes.
For the first type, simple triangular plate bending
elements and beam elements each with three degrees of freedom
per node are used. For the second type, triangular shell
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element~ and variously simulated edge beam elements each
with· six degrees of freedom per node are adopted.
D.3 Davies, J., S'omerville, I. and Zienkiewicz, o.
ANALYSIS OF VARIOUS TYPES OF BRIDGES'BY THE FINITE
ELEMENT METHOD, Conference at University College,
Cardiff, Beve'lopments in Bridge Design and Construction,
, March 1971.
'While general programs utilizing finite elements are
Qapable of solving the elastic problem in any configuration
- and hence any form of a bridge structure - much attention
has recently-been given to improving the economy of solution.
In this paper attention is focused on the type of
idealization necessary for the so~ution and on the elements
used therein to achieve, economically, a sufficient engi-
neering accuracy. It is convenient in this context to
classi~y the types of bridges as:
(a) Slabs (both thick and thin) and grillages
(b) Slabs with eccentric beams
(c) Shallow cellular structures
(d) Deep box· structures
El~stic· analysis with 'small deformation only is con~
sidered and thus problems of elastic instability are ex-
pressly here excluded. Such. problems associated with very
thin walled steel structures pose problems of their own
beyond the scope of this review.
This paper-is illustrated with.many examples.
D.4 Davis,.R. E., Kozak, J. J. and Scheffey,.C. F.
STRUCTURAL-BEHAVIOR OF A BOX GIRDER BRIDGE,
California State Highways Bridge Department,
May 1965.
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The ~rimary objective of the program was the study of
the manner in which live loads are distributed transversely
in a box girde~ bridge. Dead load distribution, influence
of intermediate diaphragms on live load distribution, and
influence of curbs and railings on live load distribution
were the other objectives of the pr~gram. Besides field
tests, model studies, including a small pla~tic model and a
quarter-scale concrete model of the prototype, were conducted.
A study of analytical methods was also included in the
program to compare with the experimental behavior of the
structure 0
In the first part of the report, the prototype struc-
ture, instrumentation, test vehicle and material control
tests used in the field testing are described, and test re-
sults are presentedo Next, analytical methods are given.
The first of the three analytical methods discussed is a
distribution procedure developed by Newmark for slabs on
steel I-beams. Due to the change of the cross section, some
modifications of the method are noted. The second· method is
the application of folded plate equations developed by J., E.
Goldberg and H. L. Leve ("Theory of Prismatic Folded Plate
Structures", Publications, International Association of
Bridge and Structural Engineer, Vol. 17, 1957) using matrix
algebra to the box girder bridges. The third method is a
combination of the two methods such that the transverse ri-
gidity is treated by Newmark's method, and the longitudinal
rigidity by folded plate equations. It is also noted that,
in spite of the difference of the mathematical approach be-
tween the second and third methods, the results are essen-
tially the same.
The experimental results are then compared with results
from the three analytical. methods. Model tests are presented
at the end of the report.
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D.S Davis, R.·E., Scheffey, Co F., Castleton, Ge Ao and
Evans, E. E.
MODEL AND PROTOTYPE STUDIES OF BOX GIRDER BRIDGE,
Journal of Structural Division, Proceedings ASeE,
Vole 98, No. 8Tl, pp. 165-183, January 1972.
A full-size, reinforced concrete, box girder bridge,
with an 80 ft. span, and a quarter-scale model of the same
were instrumented and tested. This paper presents model
test data, augments the scope of prototype analyses, and
establishes three-way correlations among prototype and model
data and theoretical analyses. Additional studi~s are made
of transverse distributions of live load resisting moments
to prototype stringers, including effects of an intermediate
diaphragm and barrier railings on those distributions 0
Three~way correlations of resisting moment distributions are
very good. The theory exaggerated slightly the influence of
the diaphragms by assuming it to be rigid~ Influence of the
barrier curbs was accurately assessed~ Theoretical trans-
verse strain distributions did not always agree with those
observed.
D.6 Dean, D. L.
ANALYSIS OF SLAB STRINGER DIAPHRAGM SYSTEMS.. FINAL
REPORT -- PART III, North Carolina State Universi t,y,
Engineering Research Department, Project ERD-IIO-67~4~
June 1970e
Exact solutions are found for rationally based mathe~
matical models for rectangular slab~stringer-diaphragmbridge
floor systems with simple end supports and flexible side sup-
ports. The formuias are valid for general loadings and are
improvements over tho~e based on the 'empirical "equivalent
orthotropic continuumTT method and/or the approximate finite
element methodo Th~ solutions are in the fOt'ffi of double
Fourier series that are infinite with respect to the
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continuous variable along the stringer-slab contact lines
and fini te with respect to the disc.rete variable denoting
the stringer.
An exact macro discrete field approach- is used. The
mathematical models aresummation-'integral equations for the
unknown discrete-continuous fields of interactive forces.
(This is in contrast to the competing micro discrete field
approach in which the mathematical models are difference-
differential equations for the unknown fields of node line
deformations '.)
Three types of solutions for slab-stringer-diaphragm
bridge floor system models are given: (~The' N6n-Cdmposite
Flexural Analysis; (2) The Composite Membrane Analysis; and
(3) The Composite Membrane-Flexural Analysis. Also included
are special formulas for systems with· simple side supports
and macro derived alternatives to previously published for-
:mulas for ribbed plates. The paper is ~elf-contained, in-
cluding compact derivations of the required plane stress and
flat plate kernel functions and boundary functions in the
appendices. Some of the results are numerically illustrated.
D.7 DeFries-Skene, A. and Scordelis, A.
DIRECT STIFFNESS SOLUTION FOR FOLDED,PLATES, Journal of
Structural Division, Proceedings of ASeE, Vol. 90,
No. ST4, .p. IS",. August 1964.
A "solution for the analysis of a prismatio folded plate
with arb~trary boundary conditions along the longitudinal
joints or folds is presented. A direct stiffness method in
',matrix form is used with the individual plates taken as
structural elements. The imposed conditions may consist of
any combination of known joint loads and displacements. The
solution yields results for 'the unknown joint displacemen~s
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and reactions' as well as values of longitudinal plate
stresses, transverse moments, membrane and normal shears, and
transverse membrane forces. Application. of both the ordinary
t~eory and ,the elasticity theo~y in the development of the el-
ement stiffness matrix, i,s given.. A compute:r' prog,ram written
~ . ~ , .
for the IBM:, 70:90 is describeQ. and. a· comparison of results
obtained u~ing 9rdin~ry theory and elasticity theory is made.
D. 8 Dehan, E.," Massonnet, 'Co and Seyvert, J.
RECHERCHES EXPERIMENTALES SUR LES PONTS A.POUTRES
MULTIPLES, Annales des Travaux Publics de Belgique,
No.2, 1955. (In French) , ,
D.9 Douglas, M.. R 0' Parel<h, C. J. and Zienkiewicz, o. C.
FINITE ELEMENT PROGRAMS FOR SLAB BRIDGE DESIGN, Second
International Symposium, .Concrete Bridge' Design,
American Cqncrete Institute, Paper SP 26-5, ppo 117-1~1,
April 1969. .
A'successful computer program for the solution of plate
probl~ms - such as one,based on the ~inite element idealiza-
tioJ;l - can provide a basis for the design of slCl;b bridge
decks. Much additional work must be done before a fully
streamlined program suitable for design work is practicabl~.
~ir~t"the approximations involved in the solution. or
in ',i~s basic a~sumptionsmust be reconciled with pr~ctical·
demands 0 The interpretation of concentrated loads and
stresses near columnar heads falls in this category.
Second, '"input t'o the program must be o~ganized in the
( '~ ~ ~
simple'st possible manner to expedi te its use.
Thi.rd, qu.ick apd ef'ficient: means must be developed for
processing the output so that design changes may be readily
execut~d.
The paper deals with the three aspects of the probleme
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DolO Douglas, W. J. and VanHorn, D. A.
LATERAL DISTRIBUTION OF STATI'C LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE, Lehigh University, Fritz
Engineering Laboratory Report No. 315.1, August 1966.
This report describes the first of five similar bridges
in an investigat~on of live load distribution. All of the
bridges are of a particular type currently used in
Pennsylvania. This type consists of longitudinal box berums
in supporting a reinforced concrete deck.
The purpose of the crawl-run tests presented in this
report was to obtain actual live load distribution factors
for interior and exterior girders; and to improve the field
testing techniques to be used in later tests of the program.
Loading and gaging patterns, interpretation techniques of
data in evaluation, of experimental results were' studied to
obtain the second objective.
~n the report, desi~n bending moments of the girders
were: compa:red with experimental va'lues, girder deflection
measurements were recorded arid behavior of bridge deck, curb
and parapet under loads was studied.
D.l~ Dravid, Po S. and Mehta., C~·L.
BRIDGE GRIDS. WITH INTEGRAL SLABS -- A NEW ANALYTICAL
APPROACH,Second International Symposium,Conc,rete
Bridge Design, American' Concrete Institute, ,
Paper ,SP 26~7, PP 0 166-181, April 1969.
The rigorous analysis of b'ridge' clecksconsis:ting, of
longitudinal girders, Cr"oss beams and dec'k slab is ,highly
complex, since the cross ,beams and the slab contribute to' a
desirable load distribution over the entire system. The
s'lab forms a continuou~ plate :rigidly connected to elasti'c
supports, namely the grid of c~oss beams and longi~udinal
girders~
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Thi~ paper:
(a) Explains a new method of analysis developed to
take into account the action of the slab and the
grid in their actual physical setup, so as to con-
form to the true load distribution among the dif-
ferent components of the structure,
(b) Compares the results of the proposed method with
those of the usual existing methods, and
(c) Describes the experimental investigation carried
out on a reinforced concrete model to verify the
validity of the method.
The paper also serves as a new approach to load distri-
bution studies in normal group cases of bridge structureso
D.12 Duberg, J. E., Khachaturian, N. and Froding, R. E.
METHOD OF ANALYSIS OF MULTI-BEAM BRIDGES, Journal of
Structural Division, Proceedings of ASCE, pp. 109-138,
July 1960.
Discussion by A. S. Arya appears in Vol. 87, 8T2,
pp. 43-49, February 1961.
A general method for the analysis of multi-beam bridges
is presented. Expressions for moment, shear, and torque in
each beam element, due to a concentrated load acting at any
point on the multi~beam bridge, are derivedo The method
developed is applied in calculating the vertical momehts in
beam elements of solid square section constituting a multi-
beam bridge. Influence lines for vertical moment in multi-
beam bridges having two, three, and ten beam elements of
solid square section are developed.
It is assumed that the bridge consists of beam elements
placed side-by-side and connected to each othe~ along the
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span by h~nges at the corners of the cross section at the
level of the top fiber.
D.13 Dziewolski, R.
COEFFICIENT DE REPARTITION TRANSVERSALE DANS LES PONTS,
Construction Metallique, No.2, pp. 18-32, Jun'e 1965.
(In French)
Transverse distribution factors for bending moments in
bridges is the subject of this paper. Using the theory of
non-uniform torsion for long thin-walled members~ a'method
to compute the transverse distribution factors is developed
for loads imposed on long bridges of doubly unsymmetric
open, closed, and compound cross sections. By means of a
numerical example, the proposed method is compared with the
classical method for lattice frameworks, and with the method
developed by Courbon. The advantages of the proposed method
are also mentioned.
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E.l Edgerton, R. C~ and Beecroft, G. N.
DYNAMIC STUDIES OF TWO CONTINUOUS PLATE GIRDER BRIDGES,
Highway Research Board Bulletin No. 124, pp. 33-46,
1956.
This paper describes and presents partial results of
tests conducted by the Bu~eau of Public Roads and the Oregon
State Highway Department on two three-span, continuous plate-
girder bridges in Oregon. Measurements include deflection
of the girders and strain in the girders, stringers, and
floor beams under test vehicles approximating the AASHO
H20-S16-44 truck at speeds of 5 mph to 45 mphG Test data
are presented in curves showing variation of stress and de-
flection with speed. Comparisons are made with stresses and
deflections calculated according to existing specifications.
Measured stresses in general are found to be lower than
calculated values" By compa'rison of the results from the
two bridges, deck surface condition is considered to be an
important factor in the vibration of one of the bridges.
E.2 Ehasz, Fo L.
STRUCTURAL SKEW PLATES, Journal of Structural Division,
Pro~eedings of ASCE, pp. 805-830, June 1945.
In the theory of elasticity it is sometimes feasible by
means of ~pproximate methods to obtain analyses of problems
which do not lend themselves readily to exact.treatmento
This is true in the study of the structural behavior of
plates anq slabs; It is particularly valid fo:r' skew plates
and slabs which, so far as the writer knows, have not been
analyzed by other than approximate methods in technical lit-
erature. The object of this paper is t·o present a comp~rison
of results acquired for certain skew plates by means of ap-
proximate methods involving finite differences, trigonometric
. series, and power serieso
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E.3 El Darwisl), I. A. and Johnston, B. G.
TORSION OF STRUCTURAL SHAPES, Journal of Structural
Division, Proceedings of ASeE, Vol. 91, No. STI,
ppo 203-227, February 1965.
Charts and empirical formulas are provided for the ac-
curate calculation of the torsion constant for the wide
flange, I, channel, tee, zee" and angle structural shapes .
..
The differential equation in solving the torsion stress
,function is replaced by a difference equation, and the
stress function is evaluated at nodal points of a·fine
squ'are mesh net by means of the digital computer. The for-
-mulas for the torsion constant make use of existing solu~
tions for the rectangular section but provide accurate cor-
rection for the add~tional torsional rigidity resulting from
the juncture of rectangular component parts inc14di~g the
effect of the fillets and the variation in flange thickness
of the channel and I-sections. Shear stresses caused by
uniform torsion are also evaluated. Calculations for both
torsion constant and stress are aided by means of graphical
charts.
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F.1 Fang, S. J., Macias Rendon, M. A. '. and VanHorn, D. A.
ESTIMATION OF BENDING MOMENTS IN BOX-BEAM BRIDGES
USING CROSS-SECTIONAL DEFLEC,TIONS, Fritz Engineering
Laboratory Report No. 322.2, June 1968.
This report describes a part of the research work given
by report No.~"M... 31 of this bibli,ography. The first objective
of this report was an attempt to find an analytical correla-
tion between the transverse distributions of longitudinal-
bending moments and the cross-sectional deflections in box-
beam bridges. The next objec,tive was to develop a practical
method for the estimation of bending moments in box-beam
bridg~~ by the use of measured cross~sectional deflections.
For the experimental verification of the proposed
method, 1/16 scale Plexiglas box-beam bridge models were
tested. These test results have shown quite good agreement
with the values estimated by the methodo The contribution
, of curbs and parapets to the flexural stiffness of the
bridge was considered in'the analysis.
The proposed meth6d ·was also used to estimate bending
moments in an existing bridge which had been previously
tested. The: estimated values were found to be close to
field test values.
F.2 Fickel, H. H.
ANALYSIS OF CURVED GIRDERS, Journal of Structural
Division, Proceedings of ASCE, Vol. 85, Noo ST7,
pp. 113-141, February 1967.
Derivations of influence lines are presented for bend-
ing and torsional, moments and shears on curve'd girders. The
solutions include simple and continuous spans. Diagrams and
Tables are given showing the characteristic values of curved
g~rders with constant moments of inertia.
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This,paper presents the derivation of influence lines
for bending and torsional moments and shears on horizontally
curved girders. Solutions are given for simple and continu-
ous spans. Diagrams are supplied showing the characteristic
values of curved girders with constant moments of inertia.
The effects of variable moments of'inertia and also of the
elasticity of the torsional supports are discussed.
F.3 Finch, R$ MQ and Goldstein, A.
CLIFTON BRIDGE, NOTTINGHAM: DESIGN AND CONSTRUCTION,
Proceedings Institute of Civil Engineers, London,
Vol. 12, pp. 317~352, March 1959.
The initial studies and ·'"general design are described in
the foregoing paper. This paper describes the details of
design and construction. TTCantileveringout TT was adopted,
and the techniques adopted in this and other construction
aspects are considered with emphasis on the unusual or dif-
ficult problems encountered.
The bridge consists of three gO-ft. simply supported
spans (south viaduct) joined by the junction abutment to the
main bridge of 125 : 275 : 125-ft. spans and three 40~ft.
spans (north viaduct) remote from the main bridge. The
275-ft span comprises two 87-fto.-6-,ins. cantilevers (balanced
by the 12'5-ft. end spans) and a lOO-ft. suspended span.
F.4 Finch, R. M. and Goldstein, A.
CLIFTON BRIDGE, NOTTINGHAM: INITIAL DESIGN STUDIES
AND MODEL TEST, Proceedings Institute of Civil
Engineers., London, Vol. 12, ppJ 289-316, March 1959.
Clifton Bridge is a prestressed concrete structure
o
crossing the Trent at an angle of skew of 24. It has a
. main span of 275 ft., comprising two 87-ft.-6-in. canti-
levers and a lOO-ft suspended span. Three gO-ft. viaducts,
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two l2S-ft. end spans, complete the structure, which is
800 ft. long.
The studies and, model test leading to and verifying the
finally adopted design are described. Special emphasis is
given to the problem of skew$
Fisher, G. P. and Boyer, W. c.
REACTIONS OF A TWO-SPAN, SKEWED, RIGID-FRAME BRIDGE,
Highway Research Board, Research Report No. 14-B,
pp .. 75-85, 1952.
The study that is reported was made in an endeavor
contribute to a simplified approach to the skewed, rigid-
frame problem and to indicate areas where continued study
is advisable.
In 1924, J. Charles Rathbun presented the first logical
mathematical analysis of skewed frames which correctly in-
cluded the effects of torsion on the reactions of such struc-
tures. In an attempt to test the validity of Rathbun·'s
solution, the late George E. Beggs conducted a series of
model tests at the specific request of the American Society
of Civil Engineers. Beggs! conclusions were in substantial
agreement with the theoretical solution; consequently the
sponsoring committee reported that the results of the
limited number of tests seemed to indicate that the theory
might be safely applied to skewed structures.
The investigation herein presented is a continuation of
a model analysis program originally conceived by Walter C.
Boyer which,'was intended to further dispel the doubts sur-
rounding the Rathbun theoryo The results of Boyer's work on
single~span skewed frames were in good agreement with the
Rathbun solution.
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F~6 Fisher, J. W. and Viest, I. M.
BEHAVIOR OF AASHO ROAD TEST BRIDGE STRUCTURES UNDER
REPEATED OVERSTRESS, National Academy of Sciences-
National Research Council, Highway Research Board,
Special Report No. 73, Washing,ton, D. Co, 1962.
This report presents the beh~vior and performance of
eighteen slab and beam bridges subjected to regular test
traffic and the accelerated fatigue tests of the AASHO Road
Test.
In the report test vehicles, measurements, test pro-
grams and methods are described. Later, tests with non-
composite and composite steel beam bridges with reinforced
concrete deck are described and their behaviors are dis~
cussed. Then, tests of prestressed concrete bridges and
reinforced concrete bridges are given. Analysis of fatigue
strength of beams is the last part of the report. Amore
detailed information about the test structures is given in
N.4 of the bibliography.
F~7 Foster, G. M.
TEST ON ROLLED-BEAM BRIDGE USING H20-S16 LOADING,
Highway Research Board, Research Report No. l4-B,
pp. 10-38, 1952.
The general purpose of the investigation was to obtain
stress and deflection data which could be correlated with
theoretical values to accomplish efficiency and economy in
the design of highway bridges 0 The information will also be
used in a study of the live-load-carrying capacity of exist-
ing highway structures under loads imposed upon them by
present~day, heavy, motor-transport unitso
The specific objectives of the test program as proposed
in the original outline were to: (1) determine the stress
distribution in the girder system under static, dynamic, and
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impact ~qading; (2) study the effect of diaphragm connection
and method of spacing upon lateral distribution of loads;
(3). measure the degree to which the -concrete deck slab in-
fluences stress distribution to supporting members; (4) ob-
serve the difference in stress conditions in supporting steel
members when deck slabs are anchored and unanchored to these
members; (5) check design values with field data; (6) ob-
serve the effects of temperature upon stresses in the struc-
ture; (7) obtain vibration data on spans with different de-
sign features; (8) measure slippage between the deck slab and
the supporting beams; (9) measure the midspan deflect~ons of
spans with different design features and under several load
conditions; and (10) attempt to measure lateral stresses in
the concrete deck both by surface gages and by gages attached
to the reinforcing steelo
Although the specific objectives were not achieved in
their entirety, due to limitations of equipment, some data
was obtained for each phase of the study. A'continuation of
the tests should supply sufficient additional information to
fully accomplish all of the objectives.
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F.B Foster, G~ M. and Ohler, L. T.
VIBRATION AND DEFLECTION OF ROLLED BEAM AND PLATE
GIRDER BRIDGES, Highway Research Board Bulletin
Noo 124, pp~ 79-110, 1956.
This is a report covering observations made on the vi-
bration and deflection characteristics on an eight-span
plate girder bridge consisting of five simple spans and
three spans of continuous beam design, and a continuation- of
the vibration and deflection studies on the Fennville Bridge,
which was previously reported. The latter bridge consists of
six simple 'spans of rolled beam construction with conc:rete
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decking 0 One of these spans was built with composite
construction.
Three types of loading were used - normal commercial
truck traffic with a minimum of control, controlled· te.sting
with two-axle trucks, and controlled testing with a special
three-axle truck with axle spacing identical to that for
H20-S16 bridge loading.
Observations are reported on the frequency of vibration,
the amplitude and duration of vibration, and the deflection
for these spans under similar loading conditions. The lat-
eral distribution of the vibration and deflection among the
longitudinal beams is shown for several rolled beam spans.
A method is presented for calculating the natural fre-
quency of a highway span which checks the observations within
approximately thl:'ee percent. The occurrence ··of a.ppreciable
vibration is correlated with the type, gro~s weight, axle
spacing, and speed df the vehicle causing vibration. Other
factors influencing vibration are discussed - for example,
the effect of vehicle sequence on 'vibrations and tQe effect
of induced impact.
The differences in behavior of the various spans are
correlated with 'present design criteria, that is, tTDesign
Live Load Plus Impact De~,le,QtionTT: and TTDepth to,~pan Length
Ratios Tf •
F.9 Fukumoto, Y. and Yoshida, Ho·
ON DEFLECTION STABILITY OF TWO~SPAN CONTINUOUS GIRDER
BRIDGES UNDER VARIABLE REPEATED LOADS, Japan Soc~ety of
Civil Engineers, Trans. Vol. 120, p. 25, August 19650
Arbitrary combinations of concentrated load and uni-
formly distributed live and dead loads are used for modifi-
cation of variable repeated loads on bridges., A relationship
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between. ultimate loads and sha'ke-down lo.ads against 'span
length and dead weight ratio is established. Also a compari-
son of deflections of bridges due to ultimate and shake-down
loads is madeo In addition, plastic hinge locations due to
ultimate and incremental loads and numerical results for four
actual bridges are presented. English summary.
F.IB· Fuller, A. H.
EFFECT OF TRUCKS UPON A FEW BRIDGE FLOORS IN IOWA IN
1922 AND IN 1948, Highway Research Board, Research
Report No. 14-B, pp. 1-10, 1952.
Investigations for impact were made during the summers
of 1922 to 1925 when the trucks were entirely different from
those now in use. The present discussion is concerned not
with definite values, but with various factors such as (1)
the relation of the force of a wheel blow upon pavement to
that of a similar blow upon a more flexible bridge floor and
(2) the 'relation of the stress which is developed in the
stringers and floor beams by a dynamic blow and by a static
load of the same weight as the force of the blowo
Initial static readings for deformation were taken pri-
marily as a basis for dynamic readings. These readings also
showed the comparative deformations of the various longitudi-
nal stringers, or in other words, the distribution of load
among ,the stringerso They also pointed definitely to the
action of the reinforced-concrete floor slab in relieving
the steel stringers from much of the stress which would have
been developed if they alone bad been carrying all the load.
A brief exploratory research was undertaken in 1948 as
a means of observing whether the composite action between
the concrete floor slab and the steel stringers had remained
after twenty-eight years of service.
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The results indicate that in a 34-ft. I-beam span the
6omposite action was still effective; and that in a panel of
a truss bridge, although the bond was apparently broken, the
deformations and resulting stresses were less than; if the
steel alone was supporting the load.
The results also indicate that in the 20'S and in 1948
the load tranaferr~d to the most loaded stringer was (for
these clo~ely spaced stringers) somewhat in line with the
provisions of the AASHO specification.
Foil Funkhouser, D. W. and Heins, Co P.
SKEW AND ELEVATED SUPPORT EFFECTS ON CURVED BRIDGES,
PROGRESS REPORT. ON THE DESIGN OF CURVED VIADUCTS,
Civil Engineering Department, University of Maryland
at College Park, Report Nao 46, February 1972.
A study of 288 curved bridge systems having various
combinations of span length, radius of curvature, number of
girders, and support orientations has been conductedo
The skew bridges which,were analyzed have the following
limitations: ISO' ~ R ~ 1200 1 ; SO' < L ~ 100'; 2 < Noo Lanes
< 4; 004166 ~ e ~ 06667; ahd 0° ~ ~ S 30°. Examination of
the data obtained from the analyses shows that: (1) deflec-
tions of a skew supported bridge have a maximum reduction of
48 percent for a 4-1ane, 7SL - lSOtR,~ = 30°; (2) deflections
for a given bridge were generally unaffected by the skew
angle; (3) the torsional force generally increased as the
skew angle increased; (4) the most significant increase in
'torsion occurred in a 2-1ane bridge for R < 600 f ,0 = 30° ;
(5) bending moments generally decreased by 10 percent, and
were found to nowhere have an increase of 5 percent; and
(6) shear generally increased due to shortening of the shear
spano
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It is concluded from these data that a ,skewed curved
girder bridge can be designed as a radial bridgee
The elevated bridges that were analyzed had the follow-
ing limitations: SOT < L ~ lOOT; 150 1 < R ~ 1200'; 2 ~ No.
Lanes ~ 4; .04166 < e < .6667; and a ~ Ah ~ 6 T • Examination
of the results from these analyses indicates that: (1) minor
axis bending moments could be neglected; (2) axial stress in
the girders could be neglected; (3) deflections were gener-
ally reduced as Ah increased; (4) torsion was generally re-
duced as Ah increased; (5) bending moments were generally
reduced by an insignificant amount; and (6) minor axis shear
was significant in some cases.
The results of this investigation are presented in non-
dimensionalized form giving the ratio of maximum girder forces
and deflections found in the skewed or elevated bridges to
the radially supported bridges. In effect, the information
presented herein can be applied to preliminary design equa-
tions for curved girder bridges on radial supports, allowing
the designer to determine the maximum values of girder forces
and deflections for the skewed or elevated bridge in question.
A hypothetical design application employing the results
of this study is presented.
F.12 Fenves, S. J. and Veletsos, A. S,.
DYNAMIC STUDIES OF BRIDGES, ON THE AASHO ROAD TEST,
University of Illinois, National Academy of Sciences -
National Research Council, Highway Research Board,
Special Report 71, Washington, D.C., June 1962.
The program to study the dYhamic effects produced in
the test bridges of the AASHO Road Test under moving vehi-
cles was described. Special attention was given for the pur-
pose of obtaining reliable, carefully controlled data on the
behavior of the test bridges under actual field conditions.,
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G.1 Galambos, c. F 0 'and Vincent, G. S.
TES-TS TO FAILURE WITH I,NCREASING LOADS OF THE AASHO
ROAD TEST BRIDGES, Highway Research Board, Special
Report No. 73, pp. 52-82, 1962.
The remaining ten bridges of AASHO Road Test were tested
to failure at intervals, beginning in March 1961 and ending
in June 19610 These ten bridges included three non-composite
steel bridges, one composite steel bridge, two reinforced
'concrete bridges, and 'four prestressed concrete bridges.
Two of the prestressed concrete bridges were pretensioned
and the other two were post-tensionedo
Failure criteria of the bridges were as follows 0 It is
assumed that all'" 'steel bridges (both composite and non-
composite) have reached failure whenever the permanent defor-
mation, as measured at midspan, increased at an increasing
rate at each successive passage of the test vehicleo Failure
of the reinforced concrete bridges and one of the post-
tensioned prestressed concrete bridges was'reached when
there was ,visible crushing of the deck concrete near midspano
Rupture of the tensile reinforcement near midspan was the
criterion for the failure of the other prestressed concrete
bridges"
Each bridge was of single-lane width, with three iden-
tical beams simply supported with a span of-SO fto The test
vehicles had seven axles and were loaded with a combination
of steel ingots and concrete blockso In the failure tests,
the test vehicle with increasing loads had essentially the
same speed (approximately 30 mph), lateral position, and
direction as were used in the regular t~sting program. How-
ever, for the heavier loadings, a reduced spe~d was usedo
In ,the report, the test vehicle, testing proc~dure and
instrumentation are described" Later, descriptions of the
behavi'br under testing a~d failure of individual test bridges
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are presented. A comparison of calculated ultimate strength
. with static moments of failure was followed by the summary
and conclusions.
G.2 Gamble, W. L.
FIELD INVESTIGATION,OF A CONTINUOUS COMPOSITE PRE-
STRESSED I-BEAM HIGHWAY BRIDGE LOCATED IN JEFFERSON
COUNTY, ILLINOIS, Civil Engineering Studies, Structural
Research Series No. 360, Department of Civil Engineer-
ing, University of Illinois, Urbana, June 1970.
Camber, strain, creep, and shrinkage measurements were
made over a period of three years on a four-span prestressed
concrete highway bridge and concrete specimens. The precast
I-section girders were made continuous for live-load forces
by reinforcement cast in the deck. The construction of the
bridge is described, as is the instrumentation used.
Although th~ most important changes in camber of the
beams occurred within the first few weeks after release of
prestress, measurable movements were still occu~ring after
3.3 years. The strain measurements on the annual cyclical
expansions and contract10ns, probably due to changes in av-
erage relative humidity different times of the yea~. Mea-
surable shortening of the bottom fiber of the girders oc-
cur~ed for more than two years after release of the pre-
stressing force.
The major portion of the loss of prestress occurred
during the first 'few weeks after release, but the losses con-
tinued at a slow rate throughout the three-year.period.
The creep and shrinkage measurements show that the
shrinkage in the field was much less than in the laboratory,
but that the creep values were comparable in the two environ-
ments. Further work is required to define the magnitude of
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creep of concrete subjected to variable envi,rorimental condi-
tions, as most accepted present concepts are 'not adequate.
G.3 Gerwick, B. C.
PRECAST'SEGMENTAL CONSTRUCTION FOR LONG SPAN BRIDGES,
Civil Engineer~ng, Vol. 34, No.1, pp. 43-47,
January 1964.
The efficient construction, o~ long-span prestressed-
concrete,bridges of precast elements requires the integration
of three main activities: the basic brid~e scheme, the erec-
tion method, and the application of suitable techniques of
jointing, stressing, etc. These three considerations a~e
discussed and some of the new developments in these are
described.
G.4 Ghali, A.
ANALYSIS 'OF CONTINUOUS SKEW CONCRETE·GIRDERBRIDGES,
First International Symposium, Concrete Bridge Design,
American Concrete Institute, SP 23-9, pp. 137-171,
April 1967.
Irtclu~e~ is a discussion by E. tightfoot, F. Leonhardt,
M. S. Aggour, H. Beer, K. G. Tamberg and J. B. Kennedy.
Skew bridges composed of a deck slab monolithic with
two main girders over one or more spans are analyzed. It is
shown that with torsion-stiff girders the skew angle can
have considerable effect on the shear and bending moments of
the girders. A numerical method of analys~s is presented
which gives influence coefficients for deformations, reac-
tions, bending moment, shear and torsion of the girders as
well as the transverse bending of the slab. The method is.
suitable for design office calculation. The effect of vari-
ation of cross section of the main girders. or thickness of
the siab- and the effect of stiffening cross girders are in-
cluded. The whole process of calculation is programmed for
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digi tal computers, and results" of analysis of bridges with
different torsion-bending stiffness ratios and different skew
angles are presentedo Samples of test results on bridge
models are giveno "The tests include a model of a bridge with
top and bottom slabs forming one box section.
G.S Ghali, A.
DESIGN OF SIMPLY-SUPPORTED SKEW CONCRETE GIRDER BRIDGES,
Second International Symposium, Concrete Bridge Design,
American Concrete Institute, PUblication SP-26, April
1969.
Included is a discussion by R. P. Pama.
In a paper presented at the First International Sympo-
sium on Concrete B-ridge Design, Toronto, April 1967, a numeri-
cal method was used for the analysis of skew bridges composed
of a deck slab monolithic with two main girders and the
method was verified by model t~sting. In the present paper
design tables prepared by this method are presented, giving
the' values of 'the bending and twisting moments and the re-
actions in the girders due to uniform load and the influence
coefficients for these stress resultants in simply-supported
skew bridges. These tables can be used with various angles
of ske~ and a fai~ly"wide range of variation of width to
span ratio and bending and torsional rigidities. Skew
bridges of box type can be analysed by these tables. The
assumptions involved in the preparation of the tables and
the method of their use are briefly described.
G.6 Ghali, A., Strong, J. M. and Bathe, K. J.
FIELD MEASUREMENT 'OF END SUPPORT REACTIONS OF A
CONTINUOUS MULTI-GIRDER SKEW BRIDGE, Second
International Symposium, Concrete Bridge Design,
American Concrete Institute, Paper SP,-26-11,
pp. 260-271, April 1969.
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G.7 Gifford, E, W.
THE DEVELOPMENT OF LONG SPAN PRESTRESSED CONCRETE
BRIDGES, The Structural Engineer, Vol. 40, INa. 10,
pp. 325-335, October 1962.
Perhaps the most notable development in recent years
has been the great increase in bridge spans of ,the concrete
TTbeamTT type, both continuous and cantilever.
Whereas arches of steel and concrete, together with
steel suspension bridges, have made steady progress in ac-
cordance with well established principles, concrete beam
spans have increased from 100 fto to 700 ft. in a'matter of
twenty years and proposals exist for spans of up to 1,500 ft.
This rapid development has been brought about by the
technique of prestressing, helped by'improvements in con-
struction methods 0
The paper Qutlines factors that have influenced design
and illustrates these by description of selected bridges.
Design trends are briefly discussedo
G.8 Gifford, F, Wo
TEST ON PRESTRESSED CONCRETE HOLLOW-BOX BRIDGE DECK,
Magazine of Concrete Research, Vol. 13, No. 39,
pp. 149-156, November 1961.
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Investigations proved that for bridges of spans from 30
to 90 feet, the pretensioned prestressed concrete beams
wpuld give the most economical solution. Inverted
T-pretensioned beams placed side-by-side, or hollow-box pre-
tensioned beams placed side-by-side and held together by
prestress or-other means appeared to be particularly suit-
able. However, the comparison· of the characteristics of
these two beams proved that the hollow-box beams were more
advantageous.
In the paper a series of tests, purpose of which was to
verify the requirements for the transverse prestressing of
hollow-box decks, is reported. The test details, and load-
ing conditions ape given. At the end of the tests it is
concluded that the shear key between the hollow-box units
provided an excellent transfer of load.
In Appendices of the report, the design characteristics
of 50 ft. span hollow-box and inverted T units are compared
and design data for the test deck is presented.
G.9 Godden, W. and Aslam, M.
MODEL STUDIES OF SKEW BOX-GIRDER BRIDGES, Structures
.and Materials Rese.arch, Dep-ar-tment of C.ivil Engineer.ing,
University of California (Berkeley) Research Report
No. SESM 71-26, Deeember 1971.
This report pre~ents the results of laboratory tests on
a series of small-scale alumipum models of rectangu~ar and
skew box-gi~der bridges. The tests'wer~ conducted primarily
to provide experimental ~esponse data for skew bridges, and
data by which to check the accuracy· of wroposed analytic'al
solutions fo~ the elastic behavior of bridges of this type.
The prototype design; i~ all cases ~as a four-cell box section
with a total width of 33 'ft. 10 in. The span~ varied fr6m
0' . 0
54.4 ft. to 167.9 ft., and the skew angles from 0 to 45.
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All tests were conducted on a single machined aluminum
model. Starting with the longest rectangular bridge, the
model was cut back in sequence to skew angles of 45°, 30°,
45°, 30°, and 0° respectively with successive reductions in
span lengths.
All skew bridges were tested both with and without a
right transverse diaphragm at mid-sp~n, and under 13 differ-
ent locations of a single vertical point load. Reactions
were measured by four load cells, deflections at 11 locations
by dial gages, and strains by 68 rosette gages and four
single element gages located on a right cross s~ction close
to mid-span.
All load and strain readings were taken and reduced by
computer, and this data was checked for self-consistency by
three independent static checkso
The data presented in the report included external re-
actions, deflections at selected points along the webs, and
axial plate forces and transverse plate ,bending moments on
the transverse section close to mid-spano Also deduced in
each test is the distribution of total moment at mid-span
between'the individual I"""beams that comprise the box section.
G.lO Goldberg, J. E" and Leve Ho L.
THEORY OF PRISMATIC FOLDED PLATE STRUCTURES, Inter-
national Association Bridge and Structural Engineers,
Vol" 17, pp. 59-86, 1957'.
This paper develops a procedure for analyzing folded
plate and membrane action. Equations are derived which re-
late each joint force to a linear· combination of the joint
displacementsG In this manner compatibil~ty is automatically
satisfied at each joint, and it is only hecessary to write
4n equilibriu~ equations~ where n is the number of joints
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with unknown forces and displacements, for each harmonic of
the Fourier expansion.
Joint forces due to common loading conditions are given
as well as joint equations for a rectangular edge beam.
The application of the theory is: illustrated by the
analysis of a three-slab folded plate structure with fixed
boundaries.
G.ll Gossard, M. Lo, Siess, C. P., Newmark, N. Mo and
Goodman, L. Eo
STUDIES OF HIGHWAY SKEW SLAB-BRIDGES WITH CURBS, PART II:
LABORATORY RESEARCH, University of I'llinois, Urbana,
Engineering Experiment Station Bulletin Series No. 386,
February 1950.
Laboratory test data'on four skew slab-bridge models of
reinforced concrete are reported. Three of the models had
45° angles of skew, and were half~scale, with span lengths
normal to the abutments of 9 ft. 9 in. The fourth model had
a 60° angle of skew, and was fifth-scale, with a normal span
length of 5 ft. 10-5/8 inq The amount and arrangement of
steel reinforcement varied from bridge to bridge. All
bridges were of two-lane capacity, had integrally cast curbs,
and were designed for H-20 highway truck loading °
The purposes of the tests were: (1) to compare the
actual behavior of the bridges with ,the behavior as predicted
by the theory of isotropic slabs and (2) to observe conditions
at and near ultimate loads - in particular, the manner of
cracking of the concrete and yielding of the reinforcement,
crushing of the concrete, and magnitudes of loads at initial
yielding and at ultimate capacity.
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G.12 Gouda, M. A.
DISTRIBUTION OF TORSION AND BENDING MOMENTS IN CONNECTED
BEAMS AND SLABS, Journal of American Concrete Institute,
Volo 31, pp. 757-774, February 1960.
Presents a method for determining torsion and bending
moments in concrete beams and slabs connected monolithically.
Solution of the problem is based on the elastic torsion theory
where the effect of the torsional rigidity of beams and slabs
is taken into account 0 Beams are assumed to be homogeneous
with their ends rigidly fixed.
Different cases investigated include: cuter beam sub-
jected to a cantilever moment, marginal beam, effect of beam
deflection.
Formulas and practical curves are given for a direct
determination of the torsion in the beams and the moments in
the slabs.
G.13 Granholm, C. A$ and Rowe, R~ Eo
THE ULTIMArE LOAD OF SIMPLY SUPPORTED SKEW SLAB BRIDGES,
Cement and Concrete Association, Research Report No. 12,
London, June 1961.
The yield-line theory for calculating the ultimate loads
of reinforced or prestressed concrete slabs is applied to
skew slab bridges subjected to the Ministry of Transport's
Abnormal Loading. Equations are derived which enable the
designer to obtain the ultimate load simply by taking account
of both the dead and the live loading.
Experi.mental wor'k on eleven prestressed and reinforced
concrete slabs is described, and the experimental ultimate
loads are' compared with the theoretical loads.
Finally, a design procedure, combining elastic and ulti-
mate load methods, is suggested for skew slab bridges sub-
jected to abnormal loading.
III
G.14 Guilford.,.A. A. and VanHorn, D. A.
LATERAL DISTRIBUTION OF DYNAMIC LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE, Lehigh University, Fritz
Engineering Laboratory Report No. 315.2, February 1967.
This is a continuation of the study with the objectives
given in the previous paper (see D.IO). In this paper the
effect of vehicle speed on lateral distribution of live
loads is shown and the results are compared with those in
crawl-run tests presented in the previous paper.
The field test data was evaluated to obtain moment co-
efficients and distribution coefficients. Ratios of dynamic'
moment coefficients to crawl-run coefficients were computed
and compared to the design value. Also, loaded and unloaded
natural frequencies were determined experimentally and com-
pared with theoretical values.
G.15 Guilford, A. A. and VanHorn, D. A.
LATERAL DISTRIBUTION OF VEHICULAR LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE - BERWICK BRIDGE, Fritz Engi-
neering Laboratory Report No. 315.4, October 1967.
This report describes the field testing of the second
of five beam-slab, bridges included in an investigation of
lateral distribution of load in prestressed concrete box
girder bridges. The test results of the first bridge are
given in reports Nos. D.lO and G.14 of this bibliography.
The principal objectives of this study was to develop
information on lateral distribution of vehicle loads to the
girders, and to compare the structural response at different
cross sections. The effect of girder spacing was also to be
studied.
The simply-supported test· structure had a span length of
65 ft. 3 in., and consisted of four hollow prestressed con-
crete box girders, a composite reinforced concrete
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cast-in-place slab, and cast-in-place curbs and parapet sec-
tions. Three cross sections were gaged for the measurement
of surface strains and deflections, and all data was col-
lected through use of coritinuous recording equipment. The
AASHO HS 20-44 load was used and the loading conditions con-
sisted of either static runs with the truck parked on the
bridge, or crawl ~uns, with the truck traveling at a speed
of 2 to 3 mph.
In the report, ,the test bridge, instrumentation, test
vehicle and test runs are described. Data reduction and
evaluation is discussed, and test results are presented.
G.16 Guilford, A. A. and VanHorn, D. A.
LATERAL DISTRIBUTION OF VEHICULAR LOADS IN A PRESTRESSED
CONCRETE BOX-BEAM BRIDGE - WHITE HAVEN BRIDGE, Fritz
Engineering Laboratory Report No. 315.7, August 1968.
This report describes the field testing. of one of five
beam-slab highway bridges included in an investigation of
lateral distribution of vehicular loads in prestressed con-
crete spread box-girder bridgeso The test superstructure
consisted of four hollow prestressed concrete box girders,
each 36 in. wide by 42 in. deep; a composite, cast-in-place
reinforced concrete slab; and cast-in-place concrete curb
and parapet sections. The spacing of the girders was 9 ft.,
and the simply supported test span was 66 ft.,1-S/8 in. in
length. Two cross sections were gaged for the measurement
of surface strains and deflections, and the data was col-
lected through use of continuous recording equipment. The
load vehicle was a 3-axle truck loaded to simulate the
AASHO HS 20-44 design vehicle. The structural response de-
scribed was produced by crawl runs of the test vehicle,
traveling across the bridge at 2 -3 mph in each of five" pre-
scribed lanes.
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The principal objectives were: (1) to develop informa-
tion on lateral distribution of the vehicle loads to the
girders, (2) to compare the distribution at two different
cross sections, (3) to evaluate the deflections and rotations
of the girders at midspan, (4) to evaluate the strains on the
bottom surface of the midspan diaphragms, (5) to compare the
results with similar results obtained from the tests of the
Berwick and Drehersville Bridges, and, (6) to compare the ex~
perimentally based distribution factors with values used in
the design of the bridge.
On the White Haven Bridge, the experimentally ·based
distribution factors were: (1) for interior girders; con-
sierably less than the design value, and (2) for exterior
girders, significant~y greater than the design value. This
behavior closely parallels that of the Berwick, and
Drehersville Bridges, and reflects the increase in stiffness
of the exterior girders resulting from the contribution of
the curb and parapet sectionso There was not a significant
difference between experimentally determined distribution
factors at the two gaged cross sections. The ratios of ex-
perimental to design values further indicate that: (~for
interior girders, a factor of the s/k form is appropriate,
although k should be greater than the 5.5 design value, and
(2) for exterior girders, the design procedure does not yield
results consistent with actual behavior.
G.17 Gurevich, S. and Redwood, R. G.
APPROXIMATE ANALYSIS OF MULTI-CELL SKEW BOX BRIDGES,
Proceedings of the Specialty Conference on the Finite
Element Method in Civil Engineering, Canadian Society
of Civil Engineering, McGill University, Montreal,
Quebec, Canada, pp. 1027-1048, June 1972.
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A membrane finite element analysis is presented for
multi-cell skewed box girder bridges with general features
including variable section and interior diaphragms~ Fea-
tures of the program, which are designed t'omake its use as
economical as possible, include the simulation of transverse
bending stiffness by membrane elements, in core solution for
many practical ~roblems, and rapid preparation of data. The
validity of the method is discussed, and a study is pre-
sented of a three cell box bridge, with reference to angle
of skew and location of diaphragms.
G.18 Gustafson, W. C. and Wright, R. N.
ANALYSIS OF SKEWED COMPOSITE GIRDER BRIDGES, Journal of
th~ Structural Division, Proceedings of ASeE, Vol. 94,
ST4, pp. 9l9~94l, April 1968.
A finite-element method of analysis is presented for
skewed composite beam bridges with diaphragmso The struc-
ture' is divided into plate and eccentric stiffener elements
for which stiffness matrices are derived. These stiffness
matrices for the component elements are assembled into a
total stiffness matr~x for the structure. Solution of the
resulting equilibrium equations gives nodal deformations of
the structure which can be used to obtain internal forces.
The method is compared with several existing methods of
analysis for this type of structure 0 A typical bridge
structure is analyzed to illustrate its behav10r and the ef~
fects of adding diaphragms or skewing the structure.
G• 19 Guyon, M. Y. ,
CALCUL DES paNTS LARGE A POUTRES MULTIPLES SOLIDARIEES
PAR DES ENTRETOISES, Annales Des Pontset Choussees,
pp. 553-612, 1946a (In French)
lIS
In this paper, the theory, which is often, referred to
as Guyon's load distribution theory, is presented. A trans-
lation of this paper is given in the Journal of the peA
Research and Development Laboratories, Vol. 3, No.3,
pp. 30-70, September 1961.
One of the important assumptions of Guyon is that no
torsional resistance is assumed in the analysis. A Fourier
Series is used for the solution of the partial differential
equations.
G.20 Guyon, Y.
LONG-SPAN PRESTRESSED CONCRETE BRIDGE CONSTRUCTED BY
THE FREYSSlNET SYSTEM, Proceedings of Institute of
Civil Engineers, London, Vol. 7, pp. 110-179, May 1957.
The paper describes briefly the considerations which
lead to the choice of bridge type: - simply supported, con-
tinuous beam, portal, cantilever, arch, or bowstring girder
(a detailed analysis is given of the respective merits of
each type) ; and the advantages of prestressed concrete over
other ,materials are put in te~ms of relative economies in
quantities and costs. The advantage in P.S.C. construction
of obtaining maximum fixity over supports is shown.
Some space is devoted to the design of cross :-section and
comparisons of ~xisting bridge sections are made. Some gen-
eral rules are given which assist in the preliminary compu-
tations and decisions as to span length, depth and thickness
of beams, cables, etc.
The design of piers, abutments, and foundations is con-
sidered at length, and the advantages of sloping legs fo~
portal frames are emphasized.
There follows a short section on design. of concrete
hinges and joints, and the methods of ensuring continuity of
cables.
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Me~hpds of construction are classified into: precast;
cast in situ; and combined precast and· cast in situ. These
classifications are subdivided and each variation of method
is described 0 Brief mention is made of some of the methods
of reaction adjustment.
Each of the foreg9ing sections of the paper is amply
illustrated by examples of bridges already built and some
still in the design stageo
Finally, a section is devoted to the salient features
of a number of less well-known bridges.
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H.l Hails, R. L. and Heins, C. P.
THE STUDY OF A STIFFENED CURVED PLATE"MODEL USING THE
FINITE DIFFERENCE TECHNIQUE, PROGRESS REPORT ON THE
DESIGN OF CURVED VIADUCTS, ,Civil Engineering Department,
University of Maryland at College Park, June 1968.
The purpose of this investigation is to explore the
structural behavior of curved girder bridges, with ortho~
tropic or isotropic deck or slab systems, when subjected to
static and dynamic loadingso The bridge sections are
analyzed as a continuous interacting system, affording a
more realistic'picture of the actual forces and stresses
that may be developed. With the inclusion of the structural
effects of the d~ck, local loadings and their distributions
to the adjacent members may be evaluated. The general re-
search work plan that has been initiated is as follows:
1. Analytical Static Loading Solution
2. Design Static Loading Solution
3. Analytical Static Loading Solution with Sections
Subjected to Induced Normal Forces
4. Analytical Dynamic Loading Solution
5. Experimental Tests
6. Results and Conclusions
7. Pilot Studies
In order to verify these m~thods, experimental tests of
a curved stiffened plate model h~ve been conducted. Utiliz-
ing the data from the Finite Difference Method and the exper-
imental test data, comparisons can be made. The purpose\of
this report, therefore, is to correlate and present this
data.
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H.2 HansoD,- J. M. and Hulsbos,. C..L.
FATIGUE TESTS OF TWO PRESTRESSED CONCRETE I-BEAMS WITH
INCLINED CRACKS, Highway Research Board, Research
Record 103, ppo 14-30, 1965.
Research has shown that when deformed web reinforcement
is crossed by diagonal tension inclined cracking, the stir-
rups in the region of the .inclined ·crack yield immediately.
Therefore, a pretensioned prestressed beam subjected to a
singl~ overload of sufficient magnitude to cause diagonal
tension cracking may, subsequently be critical in fatigue of
the web reinforcement under, lesser loads~
To explore the possibility of the type of failure dis-
cussed, two prestressed I~beams were subjected to a symmetri-
cal ·two-point loading equal to 78 percent of the ultimate
flexural capacity of the section. This loading was suffi-
cient to cause diagonal tension cracking in both shear spans
of both beam$~ Repeated loadings, of lesser magnitude were
then applied until failure occurred. Web reinforcement pro-
vided in the two test beams, was 57 and 43' percent, respec-
tively, of that required to develop ·the ultimate flexural
capacity according to paragraph 1013013 of the AASHO specifi-
cations. The two te,sts whose resli.lts are presented in this
paper were part of a larger inve~tigation of the ulti~ate
strength of prestressed beams under the combined action of
bending and shear, conducted by the Department of Civil
Engineering at Fritz Engineering Laboratory, and sponsored
by the Pennsylvania Department of Highways".U$ S$ Bureau of
Public Roads, and the Reinforced Concrete Research Council.
H.3 Hayes, J. M. and Sbarounis, J~ A.
VIBRATION STUDY OF A THREE-SPAN CONTINOUOUS I~BEAM
BRIDGE, Highway Research Board Bulletin Noo 124,
pp. 47~78, 1956.
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This is a report on a vibration study of a three-span
continuous I-beam highway bridge. The field study was made
during the summer of 1953. Data from sta'tic loadings as
well as vibration data from dynamic loadings are presented.
The slab was found to distribute to the individual
stringer about the same magnitude of live load· as provided for
in the specifications of the American Association of State
Highway Officials~ Although the test structure was not de-
signed for composite action, considerable interaction exists
between the slab and the stringers in the carrying of live
load.
Curves are presented for use in computing the natural
frequency of a three span continuous beam with constant
cross section. The frequency of application of axle loads
at a point was considered as the frequency of application of
the live load as a dynamic force at that point in the struc-
ture. This is a function of speed and axle spacing. Reso-
nance occurs if the frequency of application of the axle
loads at a point coincides with the natural frequency of
vib~ation of that point. ,tt is suggested that, to prevent
undesirable vibrations, the natural frequency of vibration
of the bridge, including the effect: of the mass of the live
load, should be greater than the f~equency of application of
!
axle loads based on a reasonable maximum speed and axle
spacing.
A simplified analysis of the computation of moment of
inertia of the transformed section due to partial interac-
tion of the concrete slab with the steel stringer is
presented.
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H.4 Heins, C. P., Bonakdarpour, B. P. and Bell, L. C.
MULTICELL CURVED GIRDER MODEL STUDIES,' Journal of the
Structural Division, Proceedings of ASeE, Vol'. 98,
No. ST4, pp. 831~843, April 1972.
The behavior of a single two span, three cell plexi-
glass model is predicted by the Slope Deflection Fourier
Series Technique. 'This analytical technique had previous ly
been applied to only open cross-section~l, I-type, bridge
systems. The model w~s tested under various static concen-
trated loads. The r~sulting experimental deflection, rota-
tion, and strain data for some loadin~s are report~ds Ef-
fects of single and multicell torsional prop~rtie~ are ex-
amined. Results indicate that single cell properties 'can be
applied in the analysis, and warping effects may be neglected.
H.S Heins, C. P. and 'Looney, C. T.
THE SOLUTION OF CONTINUOUS ORTHOTROPIC PLATES ON
FLEXIBLE SUPPORTS AS APPLIED TO BRIDGE STRUCTURES,
Civil·Engineering Department, University of Maryland
at College Park, March 1966.
The purpose of this report is to present several methods
for the analysis of bridges in which full structural con-
tinuity is taken into account 0 A method of analysis is re-
quired in order to determine the actual stresses in various
bridges subjected to a heavy truck loading. This analysis
will be used to determine the stresses in eight bridges se-
lected for study in conference with the State Roads Commis-
sion, Bureau of Bridges. A later report will present the
details of the analysis of these bridges.
In order to study and analyze the selected structures,
it was necessary to incorporate orthotropic plate theory.
This theory makes possible the solution of the many types of
bridge decks included in the selected test structures to be
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studied. Therefore, any stiffness variations in the bridge
deck,s, parallel or perpendicular to 'traffic, can be included
in the analysis.
H.6 Heins, C. P. and Looney, C. T.
BRIDGE ANALYSIS USING ORTHOTROPIC PLATE THEORY, Journal
of the Structural Division, Proceedings of ASCE,
Vol. 94, No. ST2', pp. 565-'592, February 1968.
Two analytical methods are presented for use in bridge
analy~is. The-inclusion of orthotropic plate theory permits
consideration. of any type of deck configuration. Structural
continuity between all supporting members and their flexi-
bilities may be considered. Complete com~uter programs have
been developed in order to apply these techniques. One
method, slope deflections utilizes the'IBM 1620; the other
technique, finite differences, uses the IBM 7094. All of
the developed equat~ons have been applied to problems con-
sisting of isotropic plates. Complete agreement from both
methods and previously analyzed structures occurs for these
test cases. An example orthotropic bridge structure is
initially designed and then analyzed, when subjected to a
truck 'loading. The'resulting deflection and moment data,
throughout the structure, are obtained by both analytical
methods. These data are compared, resulting in excellent
agreement between methods.
H.7 Henderson, W.
BRITISH HIGHWAY BRIDGE LOADING, Proceedings of the
Institute of Civil Engineers, London, Vol. 3, Pt. 2,
pp. 325-373, June 1954.
The paper opens with a brief his,tory of live-loads
specification for the design of highway bridges in Britain.
Between the wars, two design loadings existed. These were
122
the British Standard Train and the Ministry of Transport
Loading Curve.
Changes in the numbers and weight of vehicles have made
it necessary to reconsider the live' load to be used in bridge
design; new regulations are being considered by the British
S'tandards Insti tution and the Ministry of Transport, in col-
laboration, to meet these changes; the basis of these is
discussed in the paper& Highway bridge loading, it is sug-
gested, should consist of two parts: the first, a design
loading for bridges intended to c~rry normal traffic; the
second, for bridges inteded to carry· traffic which includes
heavy abnormal indivisible loads 0 A uniformly distributed
lane loading, together with a knife~edge load, based on the
former Ministry of Transport Standard Loading Curve is pro-
posed for the former purpose, and a train ,of four axles,
each axle having four wheels, for the latter.
H.8 Hendry, A.'W. and Jaeger, L. G.
THE LOAD DISTRIBUTION IN INTERCONNECTED BRIDGE GIRDERS
WITH SPECIAL REFERENCE TO CONTINUOUS BEAMS, The
International Association for Bridge and Structural
Engineering, Publications, Vol~ 15, 1955.
The method outlined is for the analysis of intercon-
nected bridge girders having any degree of torsional rigidity
and is based on two, assumptions viz,. that the transverse mem-
bers can be' replace'd by a continuous medium and that torsion
'of these members can be neglected. The solution is reached
by harmbnic analysis and distribution coefficients are tabu-
latedfor single sp,an bridges having fr-om two to six main
girders for all harmonics of the bending moment and deflec~
tioD curves for the span. The applioation of the method to
continuous be,am systems by superposition is demonstrated;
this is greatly facilitated by the use o~ an operational
123
system of notation. A method for the derivation of influ~
ence lines for bending moments in the longitudinals of con-
tinuous bridges is also developed.
H.9 Hendry, A. W. and Jaeger, L. G.
THE LOAD DISTRIBUTION IN HIGHWAY BRIDGE DECKS, Journal
of Structural Division, Proceedings of ASeE, Vol. 82,
Paper No. 1023, July 1956. '
The paper presents a general method for calculating the
distribution of longitudinal moments, deflections, etc. in
bridge deckso It is assumed that the transverse system can
be replaced by a uniform medium of the same total flexural
rigidity. Distribution coefficients are determined for the
total bending moments or deflection of the span. The deri-
vation of these coefficients is illustrated for the general
case of beams with arbitrary torsional rigidity, but in de-
sign, it is sufficiently accurate to interpolate between
ze~o and infinite torsional rigidity by means of a suitable
interpolation function~ It is shown that a bridge, having a
large number of longitudinal members can be replaced by an
equivalent five longitudinal' member structu~e for the pur-
pose of determining deflections and distribution coefficients
for the longitudinal'members. Graphs of distribution coeffi~
cients for a five-girder bridge are therefore included in
the papero Also, application to slabs is consideredo
Theoretical and experimental results are compared for (1) an
encased I-beam b,ridge with concrete deck, (2) a· steel beam
and jack arch bridge, (3) a beam and slab bridge, (4) a
filler joist ,bridge deck, and (5) a reinforced concrete slab
bridge.
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H.IO Hendrey, A. W. and Jaegar, L. G.
, THE' ANALYSIS OF CERTAIN '-INTERCONNECTED SKEW-BRIDGE
GIRDERS, Proceedings of the Institute 'of Civil
Engineering', Vol. 6", PP ~ 79-106, January '1957 0
"
In the paper the authors have applied their method of
gr~d-frame analysis by the distribution of harmonics to
interconnected girders in skew-span bridges of three and
four longitudina1s of negligible torsional stlffness. The
solution is obtained iri the form of first harmonic distribu-
tion coeffici~nts, in terms of two dimensionless parameters,
which are.'easily plotted for design purpos~s.
The variation: of load distribution with angle of skew
in one case is examined and a numerical example 'is solved to
show the method of calculating deflections and bending mo-
ments in the structureo Although the solution is in terms
of first harmonic distribution, this does not preclude the
determination of bending....moment curves for the longitudinals
containing substantial proportions o·f higher harmonics 0
A method for applying the solution to bridges having
more than four girders is described,,' The 'results of a number
of test~ on small models are quoted; these are in good agree-
ment with the calculated values.
H.Il Hindman, W.8 0 and V,andeg:r'ift, L. E.
LOAD DISTRIBUTION OVER CONTINUOUS DECK TYPE BRIDGE
FLOOR SYSTEMS, The 'Ohio State University Engineering
Experimental Station, Bulletin No. 122, May 19450
In the paper, the difficulty in theoretical evaluation
of the distribution of concehtrated :loads over the floors of
highway bridges is p'ointed out. -The influence of non.,.,.uniform
temperature distribution on deflection readings was shown.
The theoretical' methods were modified to include the effects
of non-uniform temperature distributiono
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H.12 Ho, Y. S. and Reilly, R. J.
BEHAVIOR OF CURVED BOX BEAM BRIDGES, PROGRESS REPORT ON
THE DESIGN OF CURVED VIADUCTS, Civil Engineering
Department, University of Maryland at College Park,
Report No. 41, June 1971.
The behavior of single span curved box beam bridges,
has been predicted by the stif~ness method. The bridges con-
sist of pox sections~ which are composed of steel web and
flange plates, in composite action with a concrete deck. The
box sections are single units with individual webs.
Variations in (~) girder spacing, (2) number of lanes,
(3) number of girders, (4) span length, and (5) radius were
considered in the parametric study, resulting in a total of
ninety bridge configurations. These bridges were then
loaded with the AASHO Truck, and the resulting deformations
and forces evaluated.
The results of.these analyses,·give two 'important de-
sign parameters; (1) lateral load distribution factors, (2)
modification factors, which are presented in a series of
tables. The distribution factors, (N), are used as a factor
describing the proportion of wheel loads to a given girder.
The modification factors are used to determine the induced
bending and torsional forces relative to the- maxi~um simple
beam movement on a straight girder.
The design of a typical curved, box .beam bridge, is also
presen~ed in detail.
H.13 Holcomb, Robe~t M.
DISTRIBUTION OF LOADS IN BEAM AND SLAB BRIDGES,
Iowa Highway Research Board Bulletin No. 120
Simple span highway bridges composed of longitudinal
steel' beams; or stringers, carrying a reinforced concrete
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slab are considered. A new procedure for predicting the
strains 'and deflections of ~he beams in simple span beam-
slab bridges of the usual proportions was developed. Four
bridges, two in~service structures and two laboratory-models,
were tested'to compare the actual behavior (1) with the pre-
dictions by the proposed procedure, (2) with the 1953 AASHO
Specifications, and (3) with the tentative revisions
(T-15-50) .
Some of the conclusions are: (a) an improved procedure
for the analysis of the beams in simple span and slab bridges
have been developed, and (b) the proposed method is espe-
cially superior' in predicting the maximum effects of single
trucks.
The following recommendations for future research are
also given: (1) tests to determine the actual properties of
the beams in place, (2) more detailed studies of the effects
of diaphragms, including efforts to arrive at the equivalent
properties of the diaphragms, (3) tests to check the distri~
bution of the loads to the beams, and along the beams, when
they are prevented from deflectingo If temporary supports
along the b'eams are' used, they should be placed that they
introduce little or no resistance to the rotation of the
beams, because this rotation affects the distribution, (4)
further investigation of the effects dfthe varying cross
section of the beams, (5) studies of b~idges having more
than four beams, (6) investigations of the possibilities of
extending the proposed method to the analysis of continuous
beam-bridges, and (7) the extension of the analysis to the
determination of moments in the slab.
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H.14 Hamberg, H.
LASTVERTEILUNGSZAHLEN FUR BRUCI$N 1. Band,
Springer-Verlag, 1967. (In German)
Transverse load distribution coefficients for torsion-
ally stiff girders were given by Hamberg and_Treriks in
TtDrehsteife KreuzwerkenTf • For torsionally weak girders
TtEinflussflachen fur KreuzwerkenTt by Hamberg and Weinmeister
gave these coefficients. In this book, the load distribu-
tion factors for the bridges· with arbitrary cross section
are discussed.
Mainly there are three systems to be discussed as fol-
lo~s: (~bridges with torsionally stiff girders where the
outside girders may be stronger or weaker than the interior
ones, (b) skew bridges with different stiffness of girders,
and (c) axially symmetrical bridges t'li th variable stiffness
of girders. Results are tabula~ed for design purposes.
H.1S Homberg,-M.,.Marx, W. R. and Zah1ten, N.
MODELLUNTERSUCHUNG AN ElNEM SCHIEFEN;KASTEN, Bautechnik,
Vol. 38, No.4, pp. 118-123, April 1961. (In German)
This paper discusses model study of an oblique box-beamQ
H.16 Hondros, G. and Marsh, G.
FIELD MEASUREMENTS ON COMPOSITE SLAB GIRDER BRIDGE,
Civil Engineer, London, Vol. 52, No~ 611, p. 557,
May 1957.
Causeway bridge spans at Perth, Australia, incorporate
a composite system with nine girders. The spans were ana-
lyzed by approximate methods~ Tests conducted to provide
information with regard to transverse distributio~ of con~
centrated loads, position 'Of neutral axis of composite, sec-
tion and the effect, of temperature differentials on the sys-
tem are described.
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H.17 Hondros, G. and Marsh, J. G.
LOAD" DISTRIBUTION IN COMPOSITE GIRDER-SLAB BRIDGES,
Journal of Structural Division, Proceedings of ASeE,
Vol. 86, No. STIl,' ppo, 79-109, November 1960~
Disqussion by W. Zuk and A. A. Eremin appears in
Volo 88, ST3, p. 271, June 1962.
For the confirmation of certain assumptions made in the
design of a prototype bridge, a series of simply-supported
composite girder-slab systems were tested. Actual and theo-
retical behavio'r 'are compared, and the effe'cts of skew angle
of the bridge' and torsional stiffness of the girders are
discussed. It was concluded that the neutral planes of the
girders a'Fe neitherco-p'lanar nor stationary and this fact
was explained considering the induced distributed longitudi-
nal forces in the slab, which undoubtedly occur in these
structural members. The primary objective of the work was
the assessment of assump'tions made with regard to distribu-
" , , . . 0
tion of loads, and the effect of a 30 skew angle on a ten
girder, 130 ftQ long composite steel girder and concrete
,deck bridge spano Following the examinat,ion of· the first
. model~ two additional types were tested in which all proper~
ties were retained, except that in the second model 'the tor-
~ional stiffness of the beams was reduce~ by 50%, and in the
third model, the span· was not skewed. From eac~ of these
main models, two 5-girder systems, cracked and uncracked,
were obtained by cutting the frames a.long their longitudinal
centerline.
H.18 Houdeshell, D.. M., Anderson, To Co and Gamble, W. L.
FIELD INVESTIGATION OF A PRESTRESSED CONCRETE HIGHWAY
BRIDGE LOCATED ~N DOUGLAS COUNTY, ILLINOIS, University
of Illin0is, Urbana, Engineering Experiment Station
Bulletin Se~ies No. 375, February ,19726
Camber, strain, creep, and shrinkage measurements were
made over a'period of two years on a three-span prestressed
concrete highway bridge and concrete specimens. The precast
I-section girders 72 ft. 9 in. long were made continuous for.
live-load forces by reinforcement cast in the deck. The con-
struction of the bridge is described, as is the instrumenta~
tion used.
Although the most important changes in camber of the
beams occurred within the first 200 days after release of
prestress, measurable movements were still occurring after
more than two years. The strain measurements exhibited an-
nual cyclical expansio~s and contractions, propab+y due to
changes in average relative humidity at different times of
the year. Measurable shortening of the bottom fiber of the
girders occurred for more than two years after release of
the prestressing force, but was obscured by the large
cyclical variations.
The' major portion. of the loss of prestress occurred
during the first few weeks after release, but the losses
continued' at a slow rate throughout the test period.
The creep and shrinkage measurements show that the
shrinkage in the field was much less than in the laboratory,
but that the creep values were comparable in the two envi-
ronments. Further work is required to define the magnitude
of creep or concrete subjected to variable environmental
conditions, as most accepted present concepts are not
adequate.
H.19 Houston, N. D~ and Schriever, W. R.
LOAD DISTRIBUTION TEST, SUSSEX STREET BRIDGE, OTTAWA,
CANADA, Proceedings of the World Conference on
Prestressed Concrete, Part II, Section V, Paper
No. 20-1, July 1957.
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In this paper, a full-scale loading test on a three_~
spaJ;1 bridge.with ~ighteen post-tensioned prestressed con-
crete I-beams is reported. One simply-supported span of the
b~idge was tested under static loading to determine the
transverse load di~tribution characteristics. ~his span had
a length of' 86 ft. 7 in. and the loading-consisted of two
heavily loaded truckso The test results for symmetrical
loading at the center of the bridge had shqwn fairly good
agreement with the theoretical values. However, unde~ off-
center loading, the actual distribution obtained by the test
was significantly less than that obtained by the theoretical
methods.
H.20 Hulsbos, Co L. ,
LATERAL DISTR!BUTION OF LOAD IN MULTI~BEAM BRIDGES,
Highway Research Board Bulletin· No. 339', pp. 670:=79,
1962.
This paper presents a summary of the research conducted
since 1954 at Fritz Engineering Laboratory, Lehigh Univer-
si ty, on the latera:l load distribution of, multi.--beam bridges.
This type of bridge, is constructed from precast rectangular
beams made of eithe:r l?einforced or pres·tressed concrete.
These beams are placed side-by-side on the abutments and the
lateral interaction between the beams is developed by con~
tinuous longitudinal shear keys and lateral bolts that may
or may not be prestres~ed.
,The investigation included: (~field test, (b) theo-
retical study, and (c) series of tests on a large scale
model bridgeo
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H.21 Hulsbos, C. L. and Linger, D. A.
DYNAMIC TESTS OF A THREE-SPAN CONTINUOUS I-BEAM HIGHWAY
BRIDGE, Highway Research Board Bulletin 279, pp. 18-46,
1960.
This paper presents the results of the static 'and dyna-
mic testing of a three-span, continuous I-beam· highway bridge.
Live load ~tress frequency curves for selected points are
sh~wn, and the static and dynamic load distribution to the
longitudinal composite beam members are given.
The bridge has four traffic lanes with a roadway width
of 48 ft. Six longitudinal continuous WF beams act com~
positely with the reinforced concrete slab to carry the live
load. The beams have partial length cover plates at the
piers.
'Previous research has indicated that beams·with partial
length cover plates have a very low fatigue strength.. It
was found in this research that the magnitude of the stresses
due .to actual highway loads were very much smaller than those
computed from specification loading. Also, the larger
stresses which were measured occurred a relatively small
number of times. These data indicate that some requirements
for reduced allowable stresses at the ends of cover plates
are too conservative.
The load distribution to the ~ongitudinal beams was de-
te'rmined for static and ,moving loads and includes the effect
of impact on the distribution. The effective composite sec-
tion was found at various locations to evaluate the load
distribution data. The composite action was in negative as
well as positive m9ment regions. The load distribution data
indicates that the lateral distribution of live load is con~
sistent with the specifications but that there is longitudi-
nal distribution, and therefore the specifications are too
conservative.
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H.22 Hulsbos,C. L. and Linger, D. A. ' ..
DYNAMICS OF HIGHWAY 'BRIDGES', (Par't· I'::~nd Part II) ,
Iowa State :Hi'ghway Commiss'ion, Iowa· HiglJ,way Research
Board Bulle'ti'n No,c> 17, November' 1960. .
The report is ,composed of two parts. In the first part
, :
of the report, ,correlation between the actual resp~nse of a
: ',I .1. • J" I ••
c?ntinuous h,~,gh~ay bridge under moving. load wi th the vibra-
tion theory was investigated. The parameters affecting the
bridge vibration were determined using experimental data .
. The test bridges are described in this part of the report.
; T •
They' are three cqntinuous highway bridges and one simple
span highway bridge of the interstate highway system around
Des Moines, Iowa. The simple span consisted of six post-
tensioned prestressed concrete beams and had a span of 100
ft. One of the continuous bridges was a 220 fto continuous
four-span bridge with four aluminum stringers and a composite
reinforced concrete deck. The second bridge was identical
to the first except that the stringers were steel rather
than aluminum. The third continuous bridge was a partially
continuous four-span prestressed concrete bridgeQ It had a
total span length of 198.75 ft. In each of the four spans
there were six pretensioned prestressed concrete I-beams.
In the second part, the aim was the determination of
experimental live load distribution, and preparation o£ in-
fluence lines for the load carried by the various stringers.
The degree of composite action between the reinforced con-
crete slab and the longitudinal stringers was also
investigated.
Graphs of static load distribution for the test bridges
were given at the end of the repo~t.
H.23 Hutter, G.
SKEW· AND CURVED BOX-GIRDERS, TH~ORY AND RESEARCH,
Proceedings at International Association for"Bridge
and Structural Engineering, Seventh Congress, Brazil,
Rio de Janerio, pp. 646-655, August 1964. (In German)
The tests carried out by the German Railways on skew
and curved bridges confirm that precise theoretical methods
provide a satisfactory idea of the distribution of stresses.
Measurements have shown that end bracings cannot by them-
selves provide the required torsional moment and that inter-
mediate bracings are also required. It has been shown that
the reduction of useful width, caused by high point loads,
result in considerably increased stresses, which cannot be
neglected.
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I.1 Ivy, R: J._ ,Lin, T. Y., Mitchell,S., Raab, N. C.,
Richey, V. J. and Scheffey, C. F.
LIVE LOADI~G-FOR LONG-SPAN HIGHWAY 'BRIDGES,
Transactions, American Society of Civil
Engineers, pp. 981-1004, 1954.
The live loading used in designing highway bridges of
short and medium spans is standardized by various codes, but
the selection of a suitable live loading for long spans has
been left to the discretion,of the des~gnin~ engineers. The
writers have formulated a loading suitable for use as a de-
sign standard and a system of accompanying allowable unit
stresses to provide for repetitions of stress and their ef-
fect upon highway bridges longer than 400 ft.
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J.l Jaeger, L.. G. and ~endry, A. W.
THE ANALYSIS OF I·NTERCONNECTED BRIDGE GIRDERS BY THE
DISTRIBUTION OF HARMONICS, Structural Engineer,
Vol. 34, No. 7,,-pp.'2t+1-266, July .. 1956.
In this paper, a new method is proposed for the analy-
sis of simply-support~d interconnected bridge girders. The
transverse system is considered to be a uniform ,medium of
total moment of inertia equal. to that of the actual trans-
verse system, and a differential equation including terms
due to rotation and twist is written for each longitudinal
member. -These equations are solved by Fourier Series, and
distribution coefficients are determined for the bending mo-
ment or deflection, of each girder. The theory presented al-
lows for any degree of torsional stiffness of the longitudi-
nal members, and in the most general case, the distribution
coefficients are functions of three dimensionless parameters;
the first is a measure of the transverse stiffness of the
bridge, the second'is a measure of the torsional stiffness,
and the 'third expresses the ratio of the inertias of the
outer to the inner longitudinal members.
A number of comparisons with experimental results are
quoted, and the application to the design of steel and rein-
forced concrete bridges is demonstrated.
J.2 Janney, J. and Eney, W. J.
FULL SCALE TEST OF BRIDGE ON NORTHERN ILLINOIS TOLL
HIGHWAY, World Conference on Prestressed Concrete,
F.I.P., Paper A-l2, 1957.
A number of precast prestrei~ed units were incorporated
into the design of many of the grade separation structures
on the Illinois Toll Highway. They are namely .precast pre-
stressed piles, precast prestressed deck slabs, precast pre-
stressed I-beams girders, and prec'ast dia.phragms.
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For. the determination of com.posi te action, full,:,'scale
lo~d tes,ts were conducted on one of the structures in the
system. The tests are described, and the results are ana-
lyzed in this report.
In addition to' six' tests~performed'on the structure at
various stages of construction, tests were conducted at
Lehigh University on portions 'of oom.posi te deck slab Linder
cyclic loading machine.
Measuring the deflections of the girders and assuming
that (a) all the moment is carried by the girders, (b) mo-
ments' are proportional to measured deflections, and (c) mid-
span moments are proportional to the load carried by the
girder, live load moment distribution at the midspan was
computed. The result was presented in graphs fo~ the load
on the interior and exterior girders.
In addition to static loads, impact loading by a fully
loaded six wheel vehicle at a speed of 15 mph was used. A
3-1/4 in. plank.placed across the midspan of the test bridge
was used to get the impact load.
J.3 Jensen, V. P.
MOMENTS' IN SIMPLE SPAN BRIDGE SLABS WITH STIFFENED
EDGES, University of Illinois, Urbana, Engineering
Experiment Station Bulletin Series, No. 315,
August ,1939.
The stu~dythq.tis reported is a continuation' of the work
of the concrete s'lab investigation whi'ch has beenre'ported
previously in Bu1l~tins 303 and 304. In particular, certain
mathematical solutions contained in Bulletin 303 are applied
to the simple type of bridge slab which consists of a single
span parallel to the direction of traffic, simply supported
on two opposite edges, and stiffened, usually by curbs, on
the other edges.
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J.4 Jensen, V. P. .
ANALYSIS OF SKEW SLABS, University of Illinois, Urbana,
Engineering Experiment Station Bulletin Series No. 332,
1941.
In this bulletin the behavior of skew slabs -is deter-
mined by means of difference equations. The slabs studied
I '
have various angles of skew and various boundary conditions
and are loaded uniformly: or, by wheel loads,. Particular
study is made of a simple-span slab-bridge '. wi th cur~s.
J.5 Jensen, v. P. and Allen, J.
S'TUDIES OF HIGHWAY SKEW SLAB-BRIDGES WITH CURB,S,
'University of Illinois, Urbana, Experiment Station
Bulletin Series, No. 369, 'September 1947.
'This bulletin continues the studies being made of high-
way slab-bridges with curbs. Designs, and analyses, based
on a difference equation method developed in Bulletin 332
are made for a range of bridges. Normal span lengths range
. , 0
~p to about· 30 ft., skew angles up to 60 ." Only a single
standard curb and handrail detail is consid€red in all de-
signs. Tables and curves are given which show the variation
of design moments with the bridge dimensionso These moments
are compared with the co~responding moments in similar right
slab-~ridges with curbs, data on which have been given in
Bulletin 315.
General features of the variations of desigh moments
are discussed with a view toward incorporating, in the fu-
ture, the results of thi~ bulletin, together with the re-
sults of laboratory tests, into a simpl~fied design proce-
dure of a nature similar to that presented, ih,Bu~letin 346,
~hich deals with simple span right bridges ..
Data which have been used in the development of the re-
sults are presented in appendices.
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J.6 Jensen, V. p~, Kluge, R. W. and Williams, C. B.
HIGHWAY SLAB BRIDGES WITH CURBS: LABORATORY TESTS AND
PROPOSED DESIGN METHOD, University of Illinois, Urbana,
Engineering Experiment Station Bulletin Series No~ 346,
1943.
The tests of slab-bridges with integral curbs described
in this bulletin are intended to supplement the analytical
studies previously reported in Bulletin 315. Both studies
form a part of an investigation of reinforced concrete slabs
subjected to concentrated loads.
The theory on which the analytical study is based in-
cludes, besides the usual assumptions for reinforced con-
crete, certain approximations and assumptions concerning the
interaction of the curb with the slab. The primary purpose
of these tests, therefore, was to establish, if possible the
degree of approximation involved in the theory by comparing
the actual behavior of the structure with that indicated by
the theory or, specifically, by comparing measured strains
at a number of points on the loaded structure with values
computed from the mathematical analysisG Of importance also
is a'knowledge of the elastic and ultimate strength of the
structure and the relation of these to design, as well as
infor~ation concerning the type or manner of failure which
may serve as a valuable guide to the proper design of de-
tails that lie outside the scope of the theory.
Tests were made on seven quarter~scale models and two
half-scale models. The principal variables studied were the
span length and the relative stiffness between curb and slab.
In the prototypes the span varied from 10 to 30 ft. On one
specimen handrails were included to determine their effect.
Following a study of the test results a simplified
method of design was evolved. This method is broad enough
in scope to include bridges with unlike curbs and spans up
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to 45 ft. When applied to the test structures the simpli-
fie? method gives results which agree well w~th the tests.
J.7 Jofriet, J. C. and McNeice, G. M.
FINITE ELEMENT ANALYSIS OF REINFORCED CONCRETE SLABS,
Journal of the Structural Division, Proceedings of
ASCE, Vol. 97, No. ST3, pp. 785-806, March 1971.
The bending analysis of r~inforded concrete slabs by
the finite element method is presentedo The analysis con-~·
centrates on the nonlinear behavior due to ,progressive crack-
ing of a slab and does not include post-yield behavior. The
Branson and Beeby methods are explored for estimating the
rigidity of a cracked concrete region. The latter is found
to yield better results. In order to deal with cracking in
any arbitrary direction, suggestions are made for the trans-
formation of the matrix of flexural rigidities and for the
determination of equivalent steel areas with respect to the
orientation of the cracks in a regiono Some results are
presented to demonstrate the proposed method.
J.8 Johnston, B. G. and Lyse, I.
STRUCTURAL BEAMS IN TORSION, Journal of Structural
Division, Proceedings of ASCE, Vol. 61, pp. 469-516,
April 1935.
The purpose of the investigation was to furnish a reli-
able basis for the design of structural member~ sub1ected to
torsional loads. The relation between torque and stress on
the one hand, and between torque and twist on the other, for
any piece subjected to torsion involves a constant the value
of which is a function of the material and the shape of the
cross section. An accurate method is given for the evalua-
tion of this t6rsion constant, K, for standard H-sections
and I-sections, taking full account of all factors involved.
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This has ~een made .possible by applying the 1tmembrane
analogy" to about sixty sections of widely varying flange,
web, and fillet proportions.
The investigation included a study of the effect of end
fixity in torsional design, and shows how it may be obtained
effectively. The proposed formulas are applied to practical
design problems, and are checked by torsional tests on
structural steel sections ranging in size from a 3 in. 1-
beam weighing 7.5 lb. per fto, to a 12 x 12 in. beam weigh-
ing 190 Ib~ per ft.
J.9 Johnston, S. B. and Mattock, A. H.
LATERAL DISTRIBUTION OF LOAD IN COMPOSITE BOX GIRDER
BRIDGES, Highway Research Board Research Record 167,
pp. 25-33, 19670
A computer program for the analysis of folded plate
structures of general form was used to study the lateral
distribution of load in simple span composite box girder
bridges without transverse diaphragms or internal stiffeners.
The results were used to develop simple expressions for the
loads carried by the interior and exterior girders in this
type of bridge.
The accuracy of the analysis was confirmed by the re-
sults of tests of a quarter-scale model of a two-lane, 80 ft.
spah bridge supported by three box girders.
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K.l Kennedy, J~ B.
STRESSES NEAR CORNERS OF SKEWED STIFFENED PLATES, The
Structural Engineer, Vol. 41, No. 11, November 1963.
Stresses in the proximity of obtuse and acute corners
of skewed stiffened plates cannot be accurately predicted by
analytical methods owing to the steep stress gradients and
the complicated boundary conditions. An experimental study
was carried out on 1/2 in. thick 30° and 45° aluminum skewed
stiffened plates carrying concentrated load to determine the
stresses near such corners. It was found that there were
stress concentrations at the corners, these being more pro-
nounced at the obtuse corners. Suggestions for adequate
corner reinforcements are given.
K.2 Kennedy, J. B.
EFFECT OF SKEW UPON STRESS AND DEFLECTION DISTRIBUTION
IN EDGE-STIFFENED CANTILEVER SLABS, Transactions of the
Engineering Institute of Canada, Paper No. EIC-55-RES 6,
December 1965.
Experimental study of the effect of skew on the stress
patterns and deflection patterns in edge-stiffened canti~
lever slabs is reported. Two aluminum plate models skewed
at 30° and 55° were tested under concentrated load. Influ-
ence values for principal strains are given for three se-
lected locations on the two models. Variations in maximum
principal strains along the critical fixed-edge are pre-
sented for the two skew angles, exhibiting high stress gradi-
ent around the fixed-edge obtuse corner, as well as the ef-
fect of skew on the transmission of load to the region of
the fixed-edge. Furthermore, variations in flexural strain
along the edge-beams for the severest type of loading are
presented. It was found that skew has little effect on the
qualitative behavior of the stress patterns along the obtuse-
corner edge-beam, but a much more significant effect on the
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patterns along the acute-corner edge-beam. Reversals in
stress were noted. Qualitatively as well as quanitatively,
skew has no appreciable effect upon the deflection patterns,
except in the sector surrounding the obtuse-corner, where
stiffness of the slab increases with skew. Recommendations
are made for the design of such slabs.
K.3 Kennedy, J. B. and Huggins, M. W.
SERIES SOLUTION OF SKEWED STIFFENED PLATES, Journal of
the Engineering Mechanics Divisiori, Proceedings of
ASCE, Vol,. 90, No. EMl, February 1964.
An analytical solution o'f skewed stiffened plates under
uniform load is presented. Starting with the fourth order
partial differential. equation governing the deflection of
the plate, a solution is obtained in oblique dimensionless
coordinates expressing the deflection function, W,'in the
form of a Fourier series. The arbitrary constants in the
series are adj~sted so that the solution satisfies the
boundary conditions: Simple support alohg two opposite edges
and elastic support along the other two. By adjusting cer~
tain parameters, the latter conditions can be varied to
those of an, elastic support without tOl:'sional restr'aint.
The solution for moments and shears was programmed for an
IBM 7090 Electronic Computer. By comparing several trial
solutions with diff~rent humbers of harmonics in the Fourier
series, it was found that ten harmonfcs gave good accuracy.
To illustrate the solution, ~esults are presented showing
the va~iation of moments and deflection at the center with
skew angle and different boundary cOhditions along two oppo-
site edges. No attempt is made herein 'to compare the re-
sults obtained by this solution with those from othe~ solu-
tions. This comparison, as well as results showing the vari-
ation of moments with skew angle, Poissonts ratio, skewed
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aspect ratio, and boundary conditions, will appear in
another publication.
K.4 Kennedy, J. B. and Huggins, M. W.
ANALYSIS AND A COMPUTER PROGRAM FOR THE SOLUTION OF
SKEWED STIFFENED SLAB BRIDGES, Department of Civil
Engineering, University of Toronto, Report No. 25,
April 1964.
An analytical solution of single span skewed stiffened
slabs under uniform loa'd i.8 presented. Starting with the
fourth order partial differential equation governing the
deflection of the slab, a solution is obtained in oblique
dimensionless coordinates expressing the deflection function
W in the form of a Fourier serieso The arbitrary constants
in the series are adjusted so that solution satisfies the
boundary conditions: simple support along two opposite edges
and elastic support along the other twoo By adjusting cer-
tain parameters, the latter conditions can be varied to
those of an elastic support without torsional restraint.
The solution for moments and shears was programmed for an
IBM,7090 Electronic Computer. By comparing several tr~al
solutions with dif,ferent numbers of harmonics in the Fourier
series, it waS found that ten harmonics gave good ac~uracy.
To illustrate the·solution results are given showing the
variation of moments and deflection at the center with skew
angle ,and different boundary conditions along two opposite
edges.
An analytic solution and its associated computer pro-
g~am :for'continuous skewed stiffened slabs is expected to be
publisbedin the near future. The solution will be based on
the single span solution in this report with some
modifications.
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K.S Kennedy, J. B. and Rezansoff, TG
STRESSES IN STIFFENING BEAMS OF SKEWED SLAB BRIDGES,
The Magazine of Concrete and Constructional
Engineering, p. 241, 1964.
Stresses in the stiffening beams of a skewed slab are
difficult to predict accurately by rigorous analytical
methods because of the complex boundary conditions which
exist. An experimental study-was carried out on stiffened
aluminum plates skewed at angles of 30° and ,45°, to deter-
mine the strains throughout the stiffening beams due to a
concentrated load on the plate. Influence surfaces for
strain at various points on the ,beam are given. La~ge rever-
sals of strain in the beam were discovered very close to the
obtuse-angled corners of the slab, and the value of the
strain over this length of the beam increased critically
with the angle of skew.
K.6 Kenneay, J. B. and Tamberg, Ko G.
PROBLEMS OF SKEW IN CONCRETE BRIDGE DESIGN, Depar"tment
of Highways, Ontario, Canada, Report RR 144, March 1969.
The problems of skew in concrete bridge design are dis-
cussed against the background of available analytical and
experimental methods of solution. The inadequacy of the
analytical methods is emphasized, but the great potentiali-
ties and versatility of the finite element method are recog-
nized. Special consideration is given to the assessment of
stresses near the obtuse corners and in stiffening beams as
well as the influence of Poisson's ratio on the stress dis-
tributiono The importance of considering structural model
analysis and testing as a design tool, and the augmenting
aspects of analytical and experimental methods are discussed.
Design considerations which are peculiar to skew bridge
decks are elaborated upon. The calculation of moments and
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reactions, effects generated by variations in the number,
spacing and flexibility of supports, the presence of a
prestressing force, and the proportioning of flexural rein-
forcement are considered.
Elastic, ultimate strength and limit design procedures
are briefly discussed and the need for further research is
emphasized.
The possibility of developing design aids in forms of
tables and graphs is briefly examined. It is proposed that
clauses pertaining to the problem of skew be incorporated
into existing bridge specifications
K.7 Keresztury, G.
MESSUNGEN AN SPANNBETON-TRAGERROSTBRUCKEN, Bauingenieur~
Volo 35, Noo 10, PP. 374-376, October 1960. (In German)
In this paper, test results on five prestressed con- .
crete bridges were giveno These bridges had been designed
as a grid system using the Guyon-Massonnet theory improved
by K. Sattler to be applicable to beams with variable cross
section.
Three of the bridges, two of which were three-span con-
tinuous and one was a frame type, were of the adjacent box-
beam typeo The fourth bridge had box beams made of precast
prestressed concrete I-beam and cast-in-place concrete. The
fifth one was a prestressed concrete plate bridge with a
frame type strucutre.
In the paper, influence lines of deflections for dif-
ferent points are given and compared to theoretical values
for longitudinal and transverse directions.
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K. 8 Ki lmer, .R. H.
LOAD-DISTRIBUTION IN BOX BEAM BRIDGES, Fritz
Engineering Laboratory Report No. 315.3, 1966.
An analytical investigation is made of the effect of
the lateral load distribution factor on the required size
of interior prestressed concrete box beam bridge members.
Beam span, lateral spacing, and distribution factor have
peen varied such that comparisons' can be made 'of the re-
quired beam sizes. The designs were made in accordance with
the provisions of the AASHO Standard Specifications for
Highway Bridges, and 'the ACI Standard Building Code Require-
ments for Reinforced Concrete, along with the Bridge Design
Standards established by the Pennsylvania Department of
Highways.
The design p~ocedure is incorporated in a Fortran
computer program which was written to design various beam
sections with an attempt to maximize the flexibility in
choosing design conditions. With the choice of d~fferent
subroutines, the operator can compile a range of ~uitable
beam·sizes and sections for each design condition.
K.9 Kinnier, H. L.
A DYNAMIC STRESS STUDY OF THE WEYERTS CAVE BRIDGE,
Progress Report No. 2- Vibration Survey of Composite
Bridges, Virginia Council of Highway Investigation
and Research, August 1963.
The purpose of the field test- measurements was to de-
termine the following characteristics of a typical compos-
ite steel girder bridge: (a) transverse live load distribu-
tion, (b) position of the neutral axis in the girders, (c)
natural frequency of the vibration, Cd) logarithmic decre-
ment of bridge oscillation, (e) amplitudes of the vibration
resulting from the dynamic load, and (f) impact factors based
on stresses and deflections.
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In the report, instrumentation and test pr~cedures were
followed by test results and conclusions.
K.lO Kinnier, H. L. and McKeel, W. T.
A DYNAMIC STRESS STUDY OF THE ALUMINUM BRIDG~ OVER THE
APPOMATTOX RIVER AT PETERSBURG, Progress Report No. 4-
Vibration Survey of Composite Bridges, Virginia Council
of Highway Inv~stig~tion and Research, 1965.
K.ll Kloeppel, K. K. and Thiele, F.
ANALYTISCHE UNO EXPERIMENTELLE ERMITTLUNG DER SPANNUNGS-
VERTEILUNG IN KASTENFOERMIGEN BIEGEQUERSCHNITTEN MIT
KONSOLEN BEl OERTLICHER KRAFTEINLEITUNG, Stahlbau,
Vol. 35, No.5, pp. 152-156, May 1966. (In German)
This paper presents the analytical methods to determine
the stress distribution in steel box girders with cantile-
vers, under bending due to local introduction of forces.
Using thin plate theory and expressing the introduced loads
by Fourier Series, problem is solved. Later this approach
is simplified using some assumptions of flexural theo~y.
The analytical solution was verified by model tests and
it was shown that the results of both analytical methods
were in good agreement with the experimental data.
K.12 Kmita, J.
o BADANIACH MODELOWYCH MOSTOW PLYTOWYCH, Archiwum
Inzynierlii Ladowej, Vol. 10, No, 1, pp. 57-70,
1964. (In Rusf?ian)
An investigation of experimental models of plate bridges
is described. Results of stress-strain measurements on
freely supported plexiglas, cast plaster, and alum~num models
of plate bridge spans are reported. The tests were aimed at
determining transverse load distribution in isotropic and
14-8
orthotropic plates and at determining moment influence sur-
faces in skew plates: Strains. were measured lisirig dial
gages, auto-collimating telescope, and electric extensometer.
Formulas are given to obtain moments and ordinates of influ-
ence surfaces from measured quantities.
K.13 Kn~wles, W. L. and Huggins, M. w.
MODEL STUDY OF A 50-DEGREE THREE-SPAN SKEW BRI,DGE,
University of Toronto, Ontario, Ontario Joint Highway
Research Programme, Report No. 35, March 1965~
This investigation has been set up to study the behavior
of a 50° three span skewed bridge with edge stiffening beams.
In addition t6 load testing the ~rqtotype, two models, one of
aluminum, the other' of reinforced concrete were constructed
and tested in the laboratory. Deflections, concrete strains,
and steel strains were recorded at vario~s load levels during
the tests and from these data moments and shears have been
computed for both., models. A comparison of, model results with
each, other and with the observed prototype behavior has been
made and inconsistencies, arising from, the use of aluminum
to represent concrete, are discussed. It is anticipated that
these test results will provide some experimental confirma-
tion for a general skewed slab theory currently under devel-
opment at the University of Toronto.
K.14 Konishi, I. , Yamada, Y. and Fukumoto, Y.
ON THE EXPERIMENTAL STRESS ANALYSIS OF A COMPOSITE BOX
GIRDER BRIDGE·, Memoirs of the Faculty of Engineering,
Kyoto University, Vol. 20, pp. 1-10, January 1958.
Experimental researches on composite box girders have
been carri~d out, on several bridges and test models and their
structural behav~ors are gradually becoming clear. The re-
sults of the measured stresses obtained at the Yamasu Bridge
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built in Kyoto in 1955 and the considerations of these re-
sults are' described in this report. There is good agreement
between the theoretical predictions and the actural behavior.
K.15 Konishi, I. and Komatsu, S.
THREE DIMENSIONAL ANALYSIS OF CURVED GIRDER WITH THIN-
WALLED CROSS,.:"SECTION, International Association of
Bridge and Structural Engineers, Vol. 25, pp. 143-204,
1965.
In this study, the torsion bending theory has been de-
veloped into the three dimensional analysis for curved girder~
and following general results have been obtained.
6. In a numerical example, influence lines for stress
resultants and deformations have been found, so that
some important statical characteris'tics of curved
girder have been made clear.
1.
2.
3.
4.-
5.
The various statical quantities relat~d to geometri-
cal factor of cross section have been exp~icitly
defined.
Seven fundamental conditions of deformation have
been investigated and the relations among the de-for-
mation, stress resultants and stress have been made
clear with regard to free-free curved girder.
The formula which gives the position of shear center
has been derived.
The relation among the torsional angle, absolutely
angle of rot~tion' of whole section and deformation
has been obtained.
The solutions for stress resultants and deformations
have ,be:en obtained for both simply supported ,and
continuous curved girder under typical loading
conditions.
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K.16 Kretsis,' K.
ECCENTRIC EDGE BEAMS ON BRIDGE SLABS, The Structural
Engineer, Vol. 48, No.8, pp. 315-317, August 1970.
Often slabs sUbjected ,to flexure are stiffened by edge
beams having a neutral plane which does not 'coincide with
that of the slab itself. This is frequent in bridges.
The paper describes an approximate simplified method
. .
for evaluating the additional effect's of this condition be-
yond those developing when the two neutral planes cpincide.
K.17 Krishnamurthy, N.
MODIFIED. MAGNEL DIAGRAM AS DESIGN AID FOR PRESTRESSED
CONCRETE BRIDGE MEMBERS, Second I,nternational Symposium,
Concrete Bridge Design, American Concrete Institute,
Paper SP 26-27, pp. 663-689, April 1969.
Elastic design of ptestressed concrete beams involves
comprehensive analysis of stresses in concrete section under
~xtreme opposite loading conditions, usually transfer of pre-
stress and fully loaded service stages. Tendon prestressing
force and eccentricity are highly sensitive to range of mo-
ments and stress specifications in these extreme conditionso
Maghel diagram offers a simple and comprehensive graphi-
cal solution to such analysis and designo In this paper, the
original diagram is modified and recast to enable ihvestiga-
tion for varying moment levels, and non-dimensionalized to
apply to groups of sections with common parameters.
The modified technique 'is described, formulas developed
and specimen charts appended 0 The simplicity of design
chart preparation, and the versatility of application of the
graphical method to prestressing tendon design are demon-
strated with examples.
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K.18 Krithivasan, N., Reddy, D. V. and Venkataramanan, T. S.
ANALYSIS OF CORNER-SUPPORTED GRID FRAMEWORK BY
TRANSLATIONAL MOMENT DISTRIBUTION, Indian Concrete
Journal, Vol. 38, No. lO~ p. 383, October 1964.
Advantages of a method of successive shear corrections
are indicated and its use is shown by application to example
of an interconnected beam system supported at the corners.
The method has useful applications in the analysis of rein-
forced and prestressed concrete slabs with various boundary
conditions and can be extended to an elasto-plastic analysis.
K.19 Kulicki, J. M. and Kostem, C. N.
THE INELASTIC ANALYSIS OF REINFORCED AND PRESTRESSED
CONCRETE BEAMS, Fritz Engineering Laboratory Report
No. 378B.I, November 1972.
This report describes an approach for the analysis of
beams using a tangent stiffness finite element incremental
method applied to a layered element. Each layer has its own
modified Ramberg-Osgood, type stress strain curve and may
have inelastic, cracking and crushing non-linearities. Com-
parisons with laboratory tests of two reinforced and eleven
prestresse~ concrete beams are presented. The agreement be-
tween analytic and laboratory load deflection curves is
quite good. The- method described uses a plane sections as-
sumption to reduce the computational effort. Considerations
of flexural shear are also presented.
K.20 Kumar, B.
LATERAL LOAD DISTRIBUTION IN SLAB-AND-GIRDER HIGHWAY
BRIDGES, Indian Concrete Journal, Vol. 37, No. 10,
pp. 383-388, October 19630
The article studies lateral load distribution in rein-
forced concrete slab-and-girder bridges - normally built in
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India for medium span construction. A two-lane three-girder
bridge of 52 ft. span is selected as representative of the
bulk of this type of construction and the distribution of
loads is calculated by three different methods - the method
of Pippard and deWaele, the moment-torque distribution
,method, and the method of Hendry and Jaeger. The values thus
obtained are compared with those derived in accordance with
current practice. Amongst the conclusions reached is that
current practice results in oversafe design for the inner
girders and undersafe design for the outer girders.
K. 21 Kumar, B.
EFFECTS OF TRANSVERSALS IN T~BEAM AND SLAB BRIDGES,
Journal of Institution of Engineers (India), Vol. 46,
No.3, ppG 132-140, November 1965.
After a study of optimization in lateral load distribu-
tion in reinforced concrete T-beam and slab bridges, it was
shown that among various factors, number and size of trans-
versals (diaphragms) playa most important role. It was
also concluded that a centrally located transversal was most
effective for lateral load distribution.
K.22 Kuzmanovic, B. O.
SOME DESIGN PROBLEMS OF LARGE BOX GIRDER BRIDGES,
Journal of Struptural Divisibn, Proceedings of ASeE,
Vol. 98, No. ST9, pp. 2059-2077, September 1972.
First, the procedures for analyzing asymmetrical trans-
verse loads on box girders and the related problem of inter-
mediate diaphragm t~usses were analyzed. Three ,different
methods were used to cross-check the results: one based on
influence lines derived by the accurate elastic analysis of
box gi'rders and two approximate methods wi th simplified sta-
tical model where box girder is transformed to an equivalent
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plate girdero Second, the stability problems of thin plates
forming the box girder were investigated. Using buckling co-
efficients now available 'for different geometry and stress
conditions of the panel under consideration, the spacing of
longitudinal stiffeners was obtained graphically. Transverse
stiffeners were designed in two different ways: (1) as verti-
cals of a-double Pratt truss; and (2) as intermediate stiff-
eners for two adjacent panels.
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L.1 Lash, S. D. and Hope, B. B.
BEHAVIOR OF HIGHWAY BRIDGE FLOORS WHEN STATICALLY
TESTED TO FAILURE, Quee'nfs University, Ontario Joint
Highway Research Program, Report No. 13, p. 69,
March 1961.
Series of static tests carried out on deck systems of
two highway bridges are reported. The bridges tested had
6 in. re~nforced concrete slabs supported by st.eel stringers
at 3 ft. 3 in. centers. Bending moments and deflections are
compared with theoretical values obtained using a method of
harmonic analysis developed by A. W., Hendry 'and L. G. Jaeger.
L.2 Lee, J. A. N.
STIFFENING EFFECTS OF EDGE BEAMS ON A RIGHT SLAB BRIDGE,
Engineering, Volo l85~ pp. 539-542, April 1958.
A program was 'conducted to investigate the correlation
between th~oretical and experimental load deflection rela-
tionships of slabs with and without edge beams. The plain
slabs without edge beams were made from brass sheet approxi-
mately .1 in., thick and were supported in a'manner simulat-
ing the ideal abutment conditions. The slab with edge beams
was simulated using a plaster model.
L.3
Using these two models, comparisons are made between
theoretical and experimental deflections. The theoretical
methods of obtaining the deflections are also disc~ssed.
Lin, C.-S. and VanHo:rn, D. A. '.'
THE EFFECT OF MIDSPAN DIAPHRAGMS ON LOAD DISTRIBUTION
IN A PRESTRESSED CONCRETE BOX-BEAM BRIDGE, PHI~ADELPHIA
BRIDGE, Fritz Ehgineering Laboratory Report Noo 315.6,
Ju,ne 1968.
In this report, field test results oh a bridge located
near Philadelphia are given. The main purpose of this study
was the experimental investigation of the effect of: midspan
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diaphrag~s. on distribution of vehicular loads to ·each of the
longitudinal beams. The ,bridge was tested first. with the
diaphragms in place, and then again after removal of the
diaphragms.
The 'test span of the bridge had a length of 71 ft. 9 ine
o '
and skew angle of 87. The supe~structure consisted of five
identical precast prestressed hollow box girders, covered
with a cast-in-place reinforced concrete deck.
The vehicle used for testing was a diesel-powered trac-
tor,and semi-trailer. T~e truck was loaded with crushed
stone to approximate the AASHO HS 20-44 design load. Crawl
runs at a speed of 2 to 3 mph were considered to represent
the static loading condition.
In the r~por,t,the test bridge, iJ;lstrumentation and
test run are described. Data reduction and evaluation is
given and test results are presented. Discussion of test
results is followed by the summary and conclusions.
L.4 Lin, C.-S. and Scordelis, A. C.
COMPUTER PR0GRAM FOR BRIDGES ON FLEXIBLE BENTS,
Structures and Materials Research, Department of Civil
Engineering, University of California (Berkeley),
December 1971.
A computer program is presented for the analysis of
prismatic fol~ed plate structures with flexible interior
diaphragms or supports. The solution is based on a direct
stiffness harmonic analysis incorporating a force method
taking the interaction forces between,the folded plat~s and
diaphragms or support bents as redundants. The structure is
considered as an assemblage of rectangular plate elements
interconnected at. longitudinal joints and simply supported
at the two ends. The applied forces are resolved into
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Fourier series components. A direct stiffness analysis
based on classical' thin plate bending theory and plane
stress elasticity theory is carried out for each harmonic.
The interaction forces are determined by'satisfying the re-
quired c·ompatibility conditions. T'he final results are ob-
tained by summing the solutions for the known loading and
the redundant forces.
L.5 Lin, T. Y.
LOAD FACTORS FOR PRESTRESSED CONCRETE BRIDGES, Journal
of Structural Division, Proceedings of ASeE, Vol. 83,
Paper No. 1315, July 1957.
Load factor may be defined as the ratio of the collapse
load for a structure to its working load.
The size·of load factors in ultimate design for pre-
stressed concrete bridges is compared to the elastic theory
and allowable stress' method. Variables affecting the load
factor of bridge sections are analyzed, indicat~ng the wide
divergence when designed on the basis of no .tension in con-
crete. In addition to the load factors for flexural strength
.of simple and continuous spans, factors for strength at
transfer, for shear,· and for tension and compress,ion, members,
are discussed.
The significance of load distribution, load repetition,
and the meaning of yield point and usable stl"engths', are
broug~t out.
L.6 Lin, T. Y.and Horonjeff, R.
LOAD DISTRIBUTION, BETWEEN GIRDERS ON SAN" L~ANDRO CREEK
BRIDGE, Highway Research Board, Resea~ch Report
No. 14-B, pp. 39-45, 1952. '
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An extensive program of strain and deflection measure-
-ments was preformed on a state freeway bridge crossing San
Leandro Creek in Oakland, California. One of the main sub-
jects under, investigation was the distribution 'of the load
between the girders. It is the purpose of this report to ,
discuss briefly some of the results of the tests concerning
load distribution as affected by: (1) composite action of
the concrete slab and the steel girders, (2) longitudinal
and transverse position of the load, and (3) steel diaphragms.
These test results are compared with theoretical analy-
sis and with AASHO specifications.
L.7 Lin, T. Y., Hronjeff, R., Clough, R. W. and Scheffey, C. F.
INVESTIGATION OF STRESSES IN THE SAN LEANDRO CREEK
BRIDGE, Institute of Transportation and Traffic
Engineering, University of California (Berkeley)
Research Report No. 13, May 1953.
Determination of the degree of composite action present
in a composite steel girder bridge and the effect~ of the
deck and diaphragms on the load distribution pattern among
the girders are the principal objectives of the investigation.
Remote control electrical measuring devices were placed on
the girders, columns and diaphragms and the measurements were
recorded with oscillographic equipment.
At the midspan of test bridges, a complete composite
action. was found. However, the composite action over the
supports was not regular~ Test results also showed a
fairly close agreement with AASHO design requfrements for
the transverse load distribution to the exterior girders.
However, for the middle girders, AASHO values appeared to be
conservative.
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It was also noted that the effect of the diaphragms on
load distribution was rather small. Some of the secondary
objectives of the tests were the effect of vehicle speed and
the effect of obstructions on the strains of the test struc-
ture. After the obstruction tests" it was concluded that
the strains and deflections caused by probable ob~tructions
to the vehicles on the bridge were in the same order of
magnitude of dynamic effects of smoothly rolling loads 0
L.8 Linger, D. A. and Hulsbos, Co Lo
DYNAMIC LOAD DISTRIBUTION IN CONTINUOUS I-BEAM HIGHWAY
BRIDGES, Presented at Forty-second Annual Highway
Research Board Meeting, Highway Research Record No. 34,
pp. 47~69, January 1963.
The tests on a continuous steel girder bridge and a
continuous aluminum girder bridge of Des Moines, Iowa are
reported in this paper. The response of full~size continu-
ous I~beam highway bridges to dynamic loads was the objective
of that researcho In this report, the effect of dynamic
loads on lateral load distribution was investigated and the
influence lines for load distribution for various girders
were presented. 'Amount of the effective composite action
existing between the reinforced concrete slab and girders
was also investigated.
In the report, after discussing the bridge structures,
loading, and instrumentation, test results were giveno The
conclusions are: (a) the exterior and interior girders had
usually different values of composite action than those pre-
dicted by specifications, (b) composite action was existing
at the interior supports, (c) static and dynamic loading
conditions yi~lded the same type of lateral load distribu-
tion, and (e) experimental wheel load factors were less than
those predicted by AASHO Specifications.
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L~9 Linger, D.A. and Hulsbos, C. L.
FORCED VIBRATION OF CONTINUOUS HIGHVVAY BRIDGES,
Highway Research Board Bulletin 339, pp. 1-22, 1962.
In this paper, a correlation of forced vibration theory
with dynamic impact tests for three continuous highway
bridges and one simple span highway bridge is presented.
The test bridges were the same bridges described in paper
H~22 bf this bibliography.
The experimental impact was determined in the outer and
inner spans and at the interior supports of the continuous
four-span highway bridges, and at the centerline of the
single span highway bridge. The effect of the vehicle was
taken as an, oscillating forcing function. The force of this
function is the oscillating load effect of a constant force
traversing a beam, and its frequency is the frequertcy of
axle repetition.
At the end of tests, the correlation of the theoretical
and experimental impact values showed that the experimental
vehicle speeds used, and assumptions made in the effect of
the vehicles, are justified. It was proved also that the
impact is a function of the ratio of the frequency of axle
repetition to the loaded natural frequency of the structure.
L . 10 LittIe, G. ,
DISTRIBUTION OF LOAD IN BOX SECTION BRIDGE FROM TESTS
ON XYLONITE MOD'EL, Cem:ent and Concr-ete Association,
Technical Report TRA/141, London~ February 1954.
Load distribution was determined experimentally by de-
flection and strain readi~gs. Experimental and theoretical
distribution of deflections and longitudinal bending moments
proved to be in close agreement, but there were discrepancies
between experimental and theoretical transverse bending
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moments oJ It has been concluded that maximum tp'ansverse mo-
ment occiurs at-the center of the bridge when load is at
minimum 'eccentricity~
L.l1 Little, G.
LABORATORY TESTS FOR LOAD, DISTRIBUTION IN A MODEL"
PRESTRESSED BRIDGE, Cement and. Concret~ Association
Technical'Report TRA/155, London,,;October '1954.
oThe 'tests on a scale model ofa 15 skewed prestressed
bridge formed by twenty precast beams prestressed together
to form a slab have yie,lded results which ,are comparable
with those found for the full~sized structure~
The distribution of load as measured by deflections and
bendinim~ments was controlled by the transverse moment of
resistance and deteriorated when this moment had been
exceeded.
For loads less than" the critical load relevant to
transverse bending the distribution of ' load is explained by
the methods of Guyon and Massonnet if modifications are made
in the parameters of flexural and torsional resistance for
an isotropic slab.
L.12 Little, G.
TESTS FOR LOAD DISTRIBUTION IN A TWO-SPAN PRESTRESSED
CONCRETE GRILLAGE, Cement and Concret'e, Association
Technical Report TRA/178, London, February 19550
The analysis of a two-span pres~ressed concrete gril~
lage by the distribution coefficient method is verified by
experiment.
The distribution of deflection in ~:l6ade~, span is
given directly by analysis but in the unloaded span the de-
flection is everywhere equal to the tTmeanfT deflection.
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When both spans are loaded the behavior is determined
by superposing these two effects. A load capacity test
showed no damage to the diaphragms even at failure.
L.13 Little, G. and Rowe, R. E.
LOAD DISTRIBUTION IN MULTI-WEBBED BRIDGE STRUCTURES
FROM TEST ON PLASTIC MODELS, Cement and Concrete Asso-
ciation, Technical Report TRA!185, London" May 1955.
A 'multi-webbed bridge structure is defined as one which
is int'ermediate be,tween the two extreme cases, i.e. a no-
torsion grillage and a full-torsion slab, considered in the
load dist~ibution analyses.
The theoretical interpolation fQrmula which gives the
distribution facto!'s for this type of construc,tion makes use
of a torsion parameter. Tests have been made onperspex
bridge models to d~termine the cor~ect value of this para-
meter,to be consistent with the assumptions of the analysis.
The manner in ~hich the parameter 'is determined for a
T-beam and slab b~idge, and a box-sectioh bridge is illus-
trated, and the theoretical and experimental distributiqn
factors are compared for each type of bridge.
L.14 Little, G. and Rowe, R. E.
THE EFFECT OF EDGE-STIFFENING BEAMS ON BRIDGES, Cement
and Concrete Association, Technical Report TRAl22l,
London, February 1956.
The report presents an analysis of the effect of edge-
stiffening beams on: right bridges, whichiis used in conjunc-
tion with the Bormal load distribution theories. The analy-
sis is confihed to the case where the effective depth, of the
bridge is constant between the stiffening beams. Where the
effective' stiffness is considerably~educedat the footpaths,
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or-if the structural connection between the parapet beams
and the roadway is poor, the modifying effects of the para-
pet beams will be much "less than those -given in the paper
and can be ignored.
A full analysis of a slab bridge with edge-stiffening
beams is 'made and the res'ults 'obtained from tests 'on a
perspex model of the bridge are c~mpared with those derived
theoretically. A' similar analysis is made. 'for a 'beam and
slab bridge where the torsional parameter, a, of the un-
stiffened b~idge is 'les~ than unity. The results' are again
compared with values found experimentally.
From these results suggestions are made to enable de-
signers to determine the extent to which it is necessary to
allow for the torsional stiffness of edge beams.
The deg~ee of accuracy to be expected from the theoreti-
cal analysis and the percentage chang~s in the longitudinal
and transverse bending. moments due to the effects of edge-
stiffening beams are estimated.
L.l5. Lit~le, G. and Rowe, R. E.
THE EFFECTS OF EDGE-STIFFENING. AND ECCENTRIC TRANSVERSE
PRESTRESS IN BRIDGES, Cement arid Concrete Association
Technical Report TRA/279, London, November 1957.
A method of calculat~ng the; effects, of edge-stiff~nihg
be-ams on bridge structure~ is presented which, is used in
conjunction with the normal load distribution theories. The
theoretical analysis is given in detail elsewhere so only
the governing equations for the various effects are given.
The method presented is only applicable where the
effective dept~ of the bridge is constant bet~een the stiff-
ening beams. Where the effective stiffness is considerably
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reduced at the footpaths or the structural connection be-
tween th~ parapet beams and the roadway is poor~ the modify-
ing effects of the p~rapet beams will be much less than
those given in the paper and can be ignored.
A full analysis of a slab bridge with edge-stiffening
beams is made and the results obtained from tests on a
perspex model of the bridge are compared with those derived
theoretically. A similar analysis is made for a beam and
slab bridge where the torsional parameter, a, of the un-
stiffened bridge is less than unity. The results are again
compared with values found experimentally.
From these results suggestions are made to enable de-
signers :to determine the extent ,to which i tis necessary to
allow ~for the torsional stiffness of edge beams.
The degree of accuracy, to be expected from the theoreti-
cal analysis and the percentage changes in the longitudinal
and transverse bending,moments due to the effects of edge-
stiffening beams are estimated. Part of the analysis for
the above problem is applied to the effect of eccentric
transverse prestress in bridges. This application of the
analysis is illustrated.
L.16 Little, G.
TESTS FOR LOAD DISTRIBUTION IN A MODEL PRESTRESSED
CONCRETE BRIDGE, Civil Engineering and Public Works
Review, Vol. 50, Part I - pp. 285-287, Part II -
pp. 421-422, 1958e
Full-scale tests were made on a bridge which consisted
of twenty prestressed beams of d'imensions 33 ft. 6 in. x
o17 in~ x 15 in., skewed at an angle of 15 , in which the
transverse prestressing tendons were parallel to the abut-
ments. Load distribution was measured by deflections and
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strains; the loa~ being applied by the Ministry, of Transport
abnormal load trailer whe~e the ,load on each-bogie can.be
varied in fixed increments between twenty tons and ninety
tons. The relative dimensions of the bridge and the trailer
ensured that only one bqgie could be on the bridge at a
given instant.
While the results of these tests were in themselves,
valuable, it was thought necessary to extend the investiga-
tion under laboratory conditionSe This has been done by
constructing a scale model in which the linear dimensions
were reduced to one-quarter of the original. The true
bridge was reproduced with accuracy in this simple struc-
ture as, in the original, the footpaths were virtually
isolated from the roadway and' did not therefore require re-
production, while the l~ in. of bituminous surfacing, com-
pared with an overall depth of l8~ in., could also be safely
omitted. These assumptions were justified later when an
almost identical behavior was noted for,both model and
bridge
Lel7 Loa, Y~-C. and eusens, A. R.
THE AUXILIARY NODAL LINE TECHNIQUE FOR THE ANALYSIS OF
BOX GIRDER BRIDGE DECKS BY THE ~INITE STRIP METHOD,
Proceedings of the Specialty Conference on the Finite
Element Method in Civil Engineering, Canadian Society
of Civil Engineering, McGill University, Montreal,
Quebec, Canada, pp. 995-1026, June 1972.
The auxiliary nodal line (ANL) technique in the finite
strip analysis of bridge decks is presented. The formula-
tion.of stiffness and force matrices for a strip with one
ANL·in box bridge analysis is given. ,The superiority of the
ANt approach to the conventional strip analysis is demon-
strated by comparisons of results with explicit theories and
model test data.
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The' ,work' described forms part of arese'arch project on
concrete 'multicellular bridge decks sponsored by' the
Construction Industry Research and Information Association.
The authors are grateful to the Association for permission
to publish these results in this form.
L.18 Launt, A. M.
DISTRIBUTION OF LOADS ON BRIDGE DECKS, Journal of
Structural Division,. Proceedings of ASCE, Paper
No. 1303, July 1957.
A discussion by Z. S. Makowski appears in Vol. 84, STI,
pp. 1522-31 -1522~38, January 1958.
This paper examines recent developments in computation
techniques as applied to the determination of load distribu-
tion between longitudinaL members of bridges.
There are two basic approaches ~o the problem of com-
putation of load distribution in a bridge deck. The first
of these puts major emphasis on the action of the, deck slab,
whereas the second, on the actien of the diaphragms.
The analyzed bridge deck has structural steel girders
which have little torsional rigiditya The elastic analysis
used assumed no torsional stiffness.
A'series of tests were conducted on a prestressed con-
crete girder bridge, to show the effect of 'torsional stiff-
ness on load distribution.
The Guyon approximate method and the elastic analysis
both neglect the effects of torsion. The Massonnet approxi-
mate method~ which. is an elaboration.of the Guyon,method,
considers torsion. Comparing the es,timated wi th the ac:tual,
it' may be seen that the effect of torsion is considerable a
It may also be seen ~hat it has the effect of reducing the
maximum moments, b'oth positive and ,negative, for which the
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structure has to be designed. If an estimate. of torsional
rigi~ity is made 'by ~omparing the Guyon and Massonnet re-
sults, and the: 'resulti'ng estimatedrigidity is applied to
the elastic analysis presented~ then it may be seen that the
calculated results are remarkab~y cl~se to the actual load
distribution.
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M.l Mallick, S.. K.
REDISTRIBUTION OF MOMENTS IN TWO-SPAN PRESTRESSED
CONCRETE BEAMS, Magazine of Concrete Research,
Vol. 14, No. 42, pp. 171-183, November 1962.
The results of experimental and analytical studies on
the redistribution of moments in twenty-one beams tested to
destruction under certain arrangements of concentrated loads
are presented. For most of the beams, the results differed
from those computed by Guyon's method. An extension of this
method has been proposed by taking into consideration the
concentration of curvature at the plastic hinges. Close
agreement was found between the experimental and the calcu~
lated results based on the modified procedure.
M.2 Malter, H.
NUMERICAL SOLUTIONS FOR INTERCONNECTED BRIDGE GIRDERS,
Journal of Structural Division, Proceedings of ASCE,
Vol. 84, Paper NQ. 1~15, October 1958.
The numerical methods for the solution of the problem
of the interconnected bridge girder are considered for the
particular case involving infinite torsional rigidity of the
main longitudinal members. Formulas are developed for both
deflection and moment for a two-girder and four-girder
structure, and results from both cases are compared with
those obtained by using rigorous formulas. Tables are in-
cluded to compare solutions for various values of relative
stiffness. The possibility of replacing the entire cross-
framing by a single center diaphragm for analysis purposes
is clearly indicated.
M.3 Marsh, J. G., Hondros, G. and Michael, K. C.
STIFFNESS ANALYSIS OF INTER-CONNECTED T-BEAM BRIDGE
SYSTEMS BY DIGITAL COMPUTER, Australian Road Research
Board Proceedings, Vol. 2, Part 2, pp. 1370-1399, 1964.
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It has been known that load distribution in T-beam
bridge systems occurs by flex~ral action and is influenced
by direct forces induced by slab transfer. The purpose of
this paper is to investigate the extent of this influence 0
The Guyon-Massonnet theory for T-beam systems was used to
compare r~sults of the analysis. The method of solution
permits variation of important parameters.
In the analysis, the structure is decomposed into a
series of individual slab and beam elements, and the load
is expressed as a Fourier Serieso Using stiffness coeffi-
cients, a program is prepared for, and processed by a
Bendix G-1S computer.
Molt- Marten, G.
MODELLVERSDCHE DEER DEN EINFLUSS DER TORSIONSTEIFIGKEIT
BEl ElNER PLATTENBALKEN BRUCKE, Wilhelm Ernst Uo Sohn,
Verlag, Berlin, 1952. (In German)
The analysis of results of model tests to determ'ine the
influence of torsional rigidity in a rigid frame bridge is
given. Tests performed on a three-span reinforced concrete
rigid frame bridge model were mentioned.
MoS Morandi, R.
TIE BRIDGES IN PRESTRESSED CONCRETE, Civil Engineering
and Public Works Review, Volo 59, pp. 705-713,
pp. 861-862, July 1964.
Prestressed concrete bridges of a special type have been
increasingly used in recent yearse The structural scheme of
these bridges is such that the deck girders are subject to a
state of stress depending on the external loading as well as
on self-adjusting forces due to the geometric and elastic
restraints of the bridge 0
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M.6
This ~rticle refers to two particular types of these
bridges: the types with lower ties and the types with upper
ties. It examines the characteristics of each type, its po~
tentialities and its special aspects. Some examples are
then presented of such bridges already built or being built
or designed at the present time by the writer.
These types of bridges lend themselves to very impor-
tant applications and, at the same time, to a remarkable
stylistic expressivity. This is due to the particular state
of the internal stresses, which results from the most effi-
cient use of the compressive strength of the concrete, and
this is the result of a rational arrangement of the struc-
tural scheme which becomes, at the same time, highly
expressive.
Massonnet, C.
COMPLEMENTS A LA METHODE DE CALCUL DES PONTS A POUTRES
MULTIPLES, Institute Technique du Batiment et de Tra-
vaux Public, Annales, Vol. 15, No. 169, pp. 1-36,
January 1962. (In French)
This is an addition to the method for calculation of
multi-beam bridges. The paper presents a generalization of
the method developed by M. Y. Guyon, to the case where the
torsional rigidity of the elements of the bridge cannot be
neglected. After analysis of the torsion parameter and the
bracing parameter, factors of t~ansverse distribution of
loads are determined.
Multiplying the mean bending moment by the distribution
factor, one can, obtain the bending moment eXisting in a
given beam. Calculations of the bending: moments in stiffen-
ing girders and torsional moments in bridges are also shown 0
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M.7 Massonn~t,C.
CONT~IBUTION AU CALCUL DES PONTS,A POU~RES MULTIPLES,
Annales des Travaux Publics de Belgique" Volo 103,
No.3, pp. 377-422, June 1950, and pp. 749-796,
October 1950. (In French)
Calculation of multiple beam bridges is discussed fdr-
there The paper had a comment on existing methods of calcu-
lations. Engesser's approximate method and comparison with
other methods, Leonhardt's approximate method, influence
lines, theory of stresses and strains are the basic .points
discussed in ,the paper.
M.8 Massonnet, C.
METHODE DE CALCUL DES PONTS A POUTRES MULTIPLES TENANT
COMPTE DE LEUR RESISTANCE A LA TORSION,' International
Association for Bridge and Structural Engineering,
Publications, pp. 147-182, 1950. (In French)
This paper ~s covered in the Journal of the peA Research
and Development Laboratories, Vol. 3, No. 3, pp~ 30-70,
September 19610 It is also discussed by Rowe in his book
nConcrete Bridge Design1T - Chapter 3. The author generalizes
GuyonTs method, which is based on the assumption of a contin-
uous grid of longitudinal and transverse beams, to include
the effect of the torsional resistance of these structural
parts. Numerical values are given for the transverse dis-
tribution coefficients of the loads for all bracing para-
meters, and for all values of the torsional stiffness of the
beams. In addition, tables are presented which make it pos-
sible to calculate the characteristic coefficients of the
bending moments in the transverse beams.
The use of the Fourier Series allows an accurate deter-
'mination of the influence of any load system. The method
not only furnishes' more accurate results than the classical
methods for bridge~ of typical construction, but can also be
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adopted fo~ bridges with continuous longitudinal beams pre-
stressed transversely, and for slab bridges in reinforced or
prestressed concrete.
M.9 Matsumato, Y.
SKEW GIRDERS, First Inte,rnational Symposium, Concrete
Bridge Design, American Concrete Institute, Paper
SP 23-10, pp .. 171-192, April 1967.
A theoretical procedure for the analysis of skew girders
is developed, taking into consideration the effect of elastic
yielding of supports! Validity of the theory is tested by
three concrete model girder configurations with variations
in both skew angle and elastic yielding of support. Theory
and model tests show that elasticity of support is an impor-
tant factor in estimation of bending and torsional moments
and support reaction, but field reaction tests of full-scale
bridges indicate that the amount of support yielding is dif--
ficult to predict and can be neglected in design. On the
basis of the theoretical and experimental results, a practi-
cal design method for skew concrete girders is suggested for
three typical cases: standard (parallel) skew; half-skew,
and trapezoidal skew.
M.IO Mattock, A. H. and Johnston, S. B. _
BEHAVIOR UNDER LOAD OF COMPOSITE BOX-GIRDER BRIDGES,
Journal of Structural Division, Proceedings of ASCE,
Vol. 94, No. ST10, pp. 2351-2370, October 1968.
Quarter and fifth scale models we~e tested on 80 and
100 ft. span composite box-girder bridges made of trapezoi-
dal shaped steel girders joined oy stud shear connectors to
a reinforced concrete deck slab. Observed behavior of the
model bridges was in close agreement with behavior predicted
by folded plate theory.
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M.ll Mattock, fA. H. and Kaar, P. H.
CONTINUITY IN PRECAST BRIDGES: LABORATORY TESTS OF A
TWO-SPAN CONTINUOUS PRECAST-PRESTRESSED BRIDGE, Civil
Engineering, Vol. 30, No.9, pp. 38-42, September 1960.
Tests of a two-span precast-prestressed concrete bridge
constituted the final stage of an extensive investigation of
prestressed bridges consisting of precast girders made con-
tinuous by conventional deformed bar reinforcement placed in
the cast-in-place deck slab. The bridge test was preceded
by eight experimental projects involving studies of individ-
ual members, all at the Portland Cement Association
Laboratories.
M.12 Mattock, A. H. and Kaar, P. H.
PRECAST-PRESTRESSED CONCRETE BRIDGES, 3. FURTHER TESTS
OF CONTINUOUS GIRDERS, Portland Cement Association
Bulletin D43, September 1960.
An extensive laboratory investigation of precast~·
prestress~d concrete bridges is reported in this series of
papers. The ,type 'of bridges under study involves I-shaped
girders with cast-in-place deck slab. Here, an experimental
program,designed to provide further information regarding
the feasibility of establishing continuity between precast
girders in adjacent spans, is reported. It was concluded
that, by placing deformed bar reinforcement longitudinally
in the deck slab over the interior supports, it is ,possible
to produce continuity, and adequate negative support moment
resistance for both static and dynamic loads. A brief in-
vestigation of two simple structural details, designed to
provide continuity between precast girders when reversal of
moment occurs at support sections, is also reported. It was
concluded that the details described can provide an adequate
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resistanc~.to positive moments of the magnitude likely-to,
occur at support secti~ns of multi-span continuous precast-
prestressed concrete bridges.
M~13 Mattock, A. H. and Kaar, P. H.
PRECAST-PRESTRESSED CONCRETE BRIDGES 4. SHEAR TESTS
OF CONTINUOUS GIRDERS, Journal of Portland Cement
Association Research and Development Laboratories,
Bulletin D.45, Vol. 3, No. l~ pp. 19-46, January 1961.
The series of papers entitled TTPrecast'-Prestressed Con-
crete Bridges TT presents the results of an extensive labora-
tory investigation of a type of bridge involving precast-
prestressed I-shaped girders with a continuous situ-cast
deck slab. This Part 4 reports an expe~imental investiga-.
tion concerning~ the shear strength of precast-prestressed
girders made continuous by placing deformed bar reinforce-
ment longitudinally in the deck slab over interior supports.
Ultimate shear strength of the girders was not influenced
adversely by flexural cracking in the interior support re-
gions. These test results for continuous girders were found
to be in excellent agreement with those of simple-span pre-
stressed girders tested at the University, of Illinois, so
that r~commendations for shea,r design of prestressed compo-
site girders could be developed. Additional data were also
obtained on the strength of horizontal shear connection be-
tween the precast girders and the situ-cast deck slabe
These data are analyzed in conjunction with the findings of
Part 2, and design recommendations are made.
M.14 Mattock, A. H. and Kaar, ~. H.
PRECAST-PRESTRESSED CONCRETE BRIDGES, 6~ TEST OF
HALF-SCALE BRIDGE CONTINUOUS OVER TWO SPANS, Portland
Cement Association Bulletin DSl, September 1961.
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Th~s report presents an experimental investigation of
the behavior of a half-scale highway bridge continuous over
two spans when subjected to loads at and above service load
level. The behavior of the bridge under both service loads
and considerable over-loads conformed closely to, calcula-
tions based on the elastic theory. The lateral. distribution
of concentrated loads was found to be in close agreement with
the distribution predicted by the Guyon-Massonnet theory.
Additional data was also obtained on the punching shear
strength of reinforced concrete deck slabs.
The Guyon-Massonnet Load Distribution Theory, and an
outline of load distribution calculations fQr test bridges,
are also given.
M• 15 'Meyer, C.
AijALYSIS AND DESIGN OF CURVED BOX GIRDER BRIDGES,
Structures and Materials Research, Depar,tment of Civil
Engineering, University of California (Berkeley)
Research Report No. UCSESM 70~22, December 19700
Curved bridges have become a major component of highway
systems in recent years. Elevated freeways and multi-level
interchange structures are very common in densely 'populated
areas and could hardly be constructed without curved bridges 0
Usually, these bridges are of cellular cross section so that
the high torsional moments due to curvature can be resisted
economically. Methods of analysis and design to ,date have
been very approximate, but because of the large number of
curved bridges being c6nstructed ev~rywhere., refined methods
of analysis are desirable;
In this dissertation, the main geometric paramet~rs of
curved bridges are studied, as they are prescribed by high-
~ay engineering requirementso The existing approximate
methods of analysis are reviewed, and two new refined methods
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developed'. The first one is based on 'the finite element
method, for which a general computer program was written.
This method may be used to analyze general non-prismatic
folded' plate structures with an incorporated three-dimensional
frame. The second approach is the finite strip method of
analysis applied to folded plate structures curved in plan,
for ,which also a general computer program has been written.
This method of analysis is restricted to structures simply
supported along their straight radial edges. But the ex-
tension of the theory to include interior supports is also
discussed.
On the basis of these r~fined analytical methods, the
behavior of curved box girder bridges is studied. In partic-
ular, wheel load distribution characteristics are investi~
gated especially with respect to how they change with the
major bridge parameters. Finally, design recommendations
are presented aimed at combining. 'e'fficie!lcy and a~cur~cy of
the design of curved box girder bridges.
M.16 Meyer, C. and Scordelis, A. C.
ANALYSIS OF CURVED FOLDED PLATE STRUCTURES, Structures
and Materials Research, Department of Civil Enginee~ing,
University of California (Berkeley) Research Report
No. DC SESM 70-8, June 1970.
A 'computer program has been developed which is capable
..
of analyzing curved folded plate structures simply supported
at the two ends and composed of elements that may in general
be segments of conical frustra. The program is based on a
harmonic analysis in the circumferential direction~ with the
loadings expressed by Fourier series, and on a finite element
stiffness analysis in the transverse direction. The struc-
ture assembly and solution follows the direct stiffness
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method as it has been successfully' applied previously to
straight prismatic folded plates.
M.17 Meyer, C. and Scordelis, A. C.
COMPUTER PROGRAM FOR PRISMATIC FOLDED PLATES WITH PLATE
AND BEAM ELEMENTS, Structures and Ma terials Res'earch,
Department of Civil Engineering, University of
California (Berkeley), December 1971.
A general computer program has been developed which is
capable of analyzing any prismatic cellular or open folded
plate structure with transverse diaphragms and' planar frames
at any section as well as longitu~inal beams. The structure
may be subjected to surface loads, line loads, concentrated
loads as well as known displacements. The solution is based
on the finite element method in conjunction with the direct
stiffness method. All final nodal displacements, reactions,
and internal ,forces and moments in frame elements and within
finite elements are printed out at points selected by the
user.
M.18 'Meyer, C. and Scordelis, A. C.
COMPUTER PROGRAM FOR NON-PRISMATIC FOLDED PLATE AND
BEAM ELEMENTS, Structures and Materials Research,
Department of Civil Engineering, University of
California (Berkeley), December 1971.
A computer program, FINPLA2, is presented which can be
utilized to analyze general highway bridge structures. This
program can analyze general non-prismatic cellular struc-
tures of varying width and depth and may have an integrated
three-dimensional frameo The structure is discretised by
dividing it longitudinally into a certain number of stru~­
ture segments by vertical sections, and by subdividing each
such segment into finite elements. The structure' alignment
is described by a longitudinal reference line which may be a
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straight .line, a circula~ curve or an arbitrary planar
string polygon and cross sections are defined with respect
to this line. Orthotropic plate properties and arbitrary
loadings and boundary conditions can be treated. Automatic
element and coordinate generation options minimize the re-
quired input data . Several' numerical. examples illustrating
the use of the program are also given.
M.19 ,Michalek, V.. a'nd Brezina, '.. V.
MODEL TESTS ON A BOX BIRDER BRIDGE, Proceedings of
International Association for Bridge and Structural
Engineering, Seventh Congress, Rio 'de, Janerio, Brazil,
pp. 123-129, August 1964.
A model representing a five-span bridge, with a 483 m
long box girder, to a scale of 1:50 was constructed of PVC-N
plastic (hard polyvinylchloride). Its spatial behavior was
investigated under thirty-six different' loadings, i.e.,
bending in both principal planes, torsion and distortion of
the cross section. From the experimental results all the
displacements and internal forces, both normal and shearing,
were analyzed by resolution into four components according
to VlasovTs general method for similar problems .
. M.20 Mitchell, S. M. and Borrman, G. F.
VEHICLE LOADS AND HIGHWAY BRIDGE DESIGN, Journal·of
Structural Division, Proceedings of ASeE, Vol. 83,
No. ST4, July 1957.
Discussioh by D. T. Wright appears in Vol. 84,
No. ST1, pp. 1522-29 - 1522~30,.January 1958.,
Certain inconsistencies which are evident' when existing
highway bridges have to be rated for overload capacity jus-
tify a-study of the causes and their rectification wh~rever
practicable. The study involves consideration of a: realistic
loading and the lo~ical safety factors to be applie~ to all
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loads and forces ac~ing on the structure. The paper aims to
present facts and ideas relating 'to the choice of a reason-
ably correct live loading and its application to highway
bridge design. Typical bridge spans designed in accordance
with current specifications have been studied with particu-
lar reference to their overload capacities.
M.21 Mittra, T. K.
EFFECT OF DIAPHRAGMS ON LOAD DISTRIBUTION CHARACTERISTICS
IN A BOX-SECTION BRIDGE WITH OVERHANGS, Journal of
Institute of Engineering (India) Civil Engineering
Division, Vol. 49, pp. 401-407, July 1969.
An attempt has been made to study and investigate the
role of diaphragms and, in certain cases, the r~le of bottom
slabs in the box-section bridges. Experimental investigation
has been done in the elastic range with plastic models, the
prototype being KempT s Corner bridge, in B.ombay. The bridge
has cantilever overhangs at both ends of its simply supported
span and has five longitudinal beams with a bottom slab pro-
vided throughout the span to form four'cells. The deflection
curves, obtained for various positions of the unit load,
have been differentiated numerically to obtain the load dis-
tribution. Stiffness matrix'method has been tried, as a
theoretical approach, with the help of. a digital computer
(C.D.C. 3600). It has been found that: (i) absence of dia-
phragms in a box-section bridge does not effect any appre-
ciable change in the load distribution whereas in case of
T-section this factor has a pronounced effect, and (ii) simu-
lating the box- or T-section to grids and applying stiffness
matrix solution, yields poor results, because of the continu~
ity of the slab being not ~onsidered.
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M.22 Morice, ~ .. B.
MINIMUM TRANSVERSE STRENGTH OF SLAB BRlDGES, Cement
and Concrete Association, Technical Report TRA!205,
London, September 1955~
It is known that the normal method of elastic analysis
leads to a design·in.which the transverse flexural strength
is considerably greater than that required to give a factor
of safety in the structure as a whole equal to that of longi-
tudinal elements considered alone. In the design of slab
bridges, advantage of this can 'be taken by p~rmitting mod-
erate tensile stresses when calculating the degree of trans-
verse prestressing required, and in reinforced slab bridges
the amount of transverse reinforcement, can be appreciably
reduced.
M.23 'Morice, P. B.
THE ANALYSIS OF RIGHT BRIDGE DECKS SUBJECTED TO ABNORMAL
LOADING, Cement and Concrete Association, London,
July 1956.
A'method of analyzing the effects of heavy indivisible
loads on highway bridges using distribution coefficients, is
explained. In,particular, the determination of longitudinal
and transverse bending moments is considered .and it is shown
how the torsional strength of th~ structure can be allowed
for in design. It is shown how the neglect of torsional
strength in design will overestim~te the moments which will
actually occur in a bridge.
M.24 Morice, P. B. and Little, G.
LOAD TESTS ON A.SMALL PRESTRESSED CONCRETE· HIGHWAY
BRIDGE, Cemeht and Concrete Association, Technical
Report TRA/153, London, September 1954.
This paper describes load tests on a small prestressed
concrete bridge of ISO skew and a quarter-scale model of the
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bridge ... The results of the analysis, ,o'f the structure by the
method of distribution coefficients are compared with the
experimental performance. Certain difficulties in applying
the analysis in this particular case are discussed.
·M.25 Morice, P. B. and Little, G.
LOAD DISTRIBUTION IN PRESTRESSED CONCRETE BRIDGE
SYSTEMS, Structural Engineer, ppo 83-110, March 1954.
, Methods which treat the problem through an elastically
equivalent' uniform system are studied in greater detail, and
the methods of practical calculation using distribution co-
efficients are explained. For the use of practical design
purposes, the results of computational work of Guyon and
Massonn~t for non-torsion and torsion structures are given
in the form of graphs. A method of calculation and the ef-
fects of torsion are discussed.
A description of tests of a number of int'erconnected
prestressed beam systems is included, and the results of
these tests show good agreement with theoretical results.
It is interesting to note that the effects of distribution
are virtually eliminated by a simple support, and do not
appear in the unloaded span of a continuous specimen. Ex-
amples of the' method of calculation are given, two being
taken from the experimental specimens, and one of a more
practical nature.
The main· conclusions from the tests were that the
simply-supported grillages behaved as ,non-torsion grillages,
and that the,deflections and the bending moments were fore-
cast with agreeable accuracy by the method of distribution
coefficients initiated by M. Y. Guyon.
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The .continuous grillage on the other hand showed good
agreement with torsion calculations based upon the analysis
of Massonnet.
M.26 Morice, P. B. and Little, G.
LOAD DISTRIBUTION IN PRESTRESSED CONCRETE BRIDGE
SYSTEMS, Summary, Structural ,Engineer, pp. 21-34, 1955.
This is the discussion of the previous' paper written by
. the authors. The effect of Poisson's' ratio is one of the
subjects discussed.
M.27 Morice, P. B., Little, G,and Rowe~ R. E.
DESIGN CURVES FOR THE EFFECTS ON CONCENTRATED LOADS ON
CONCRETE BRIDGE DECKS, Cement and Concrete Association,
Publication Db.lla, p. 36, 1956.
These prepared charts give the load distribution coeffi-
cients for the analysis of bridges under concentrated loads.
M.28 Morice, P. and Rowe,'R.
LOAD DISTRIBUTION IN RIGHT HIGHWAY BRIDGES,
International Association for Bridge and Structural
Engineers, Fifth Congress, Lisbon, Proceedings,
pp. 423-450, 1956.
After a short discussion of the bridge loading problem
in Great Britain a brief survey is given of the methods
available for the elastic analysis of right bridges sub-
jected to concentrated loads. Mention is made of the deter-
'mination of transverse moments in the distribution 'coeffi~
cient method, originally due to Guyon, and the expression is
given for the calculation of the transverse moment coeffi-
cients in slabs in which the value of Poisson's ratio has
been included. ,
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The main portion of the paper is devoted to the descrip-
tion of a number of tests on bridges and bridge models and a
, discussion of the results and thei:r comparison with the dis-
tribution coefficient calculations 0 The bridges tested were
two-way prestressed concrete slab models, a small prestressed
concrete highway bridge and a one-quarter scale model, a
. multi~webbed box model in xylonite, a two-span prestressed
concrete beam grillage and a beam and slab bridge model in
perspex.
M.29 Motarjemi, D. and VanHorn, D. A.
THEORETICAL ANALYSIS OF LOAD DISTRIBUTION IN BEAM-SLAB
BRIDGES, Fritz Engineering Laboratory Report 315.9,
October 1969.
This investigation is a theoretical study of the vehicu-
lar load distribution in spread box-beam bridges. The box-
beam bridge superstructures are composed of a number of pre-
cast, prestressed concrete box-beams, equally spaced and
spread apart, and a cast-in-place composite slaho A method
of analysis is developed for beam-slab bridges, and is parti-
cularly applied to spread box-beam bridges 0 In this method,
the bridge superstructure is reduced to an articulated struc-
ture by introducing a series of beam and plate elements.
The validity of the theoretical analysis is verified py
comparison with the results of field tests on four different
spread box-beam b~idges. An exte~sive study of all of the
parameters involved in the analysis has been made 0 Over
three hundred different spread box-beam bridges are analyzed
under different types of loading in o~der to observe the pat-
tern of live-load distributiono Based upon the results ob-
tained, design procedures for the determination, of lateral
live-load distribution are developed and recommended.
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M.30 Muppidi, _N. R. and Tuma, J~ J.
ANALYSIS OF LATERALLY-LOADED CONTINUOUS CURVED BEAMS,
Journal'of Structural Division, Proceedings of ASeE,
Vol. 93, No. STI, pp. 495-513, February 1967.
A method of analysis is presented for the laterally
loaded continuous curved beams on rigid supports. Redundant
torsional moments can be solved either by simultaneous equa-
tions or by iteration. Numerical e.xamples are shown for
analyzing a-closed ring and a four-span continuous circular
beam.
M.31 Macias Rendon, M. A. and VanHorn, D. A.
A STRUCTURAL MODEL STUDY OF LOAD DISTRIBUTION IN BOX-
BEAM BRIDGES, Fritz Engineering Laboratory Report
No. 322.1, May 1968.
The objective of this work was the design of a struc-
tural model system to study the static live load distribu-
tion on a beam-slab type bridge structure with precastp~e­
stressed concrete spread box beams topped with a reinforced
concrete cast-in-place slab.
The models under study had a length scale of 16 and
were made of Plexiglas. In the s~udy, special. attention was
given to the creep phenomenon in Plexiglas.
A model vehicle was designed to apply vehicular design
loads. Pilot tests ~ere conducted on a model simulating an
existing bridge which had already been tested as a part of a
series of field tests (see report No. G.lS). These tests
have served to prove the feasibility: of Plexiglas models and
suggested possible improvements in the future field and"
model tests.
In the report, model material, and design and fabrica-
tion of the model structure is explained. Next, pilot tests
and evaluation of results are given. The assumptions are
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present~q. Discussion of results is followed by summary and
conclusions. In the appendix, the computer program for
analysis of data, with an example output, is given.
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N . 1 Naruoko 7 . M. and Omura, H.
THE SKEW NETWORK DIFFERENCE EQUATION FOR THE ORTHOTROPIC
PARALLELOGRAM PLATE AND ITS APPLICATION TO THE EXPERI~
MENTAL STUDY ON THE MODEL SKEW COMPOSITE GRILLAGE GIRDER
BRIDGE, Memoirs of the Faculty of Engineering, Kyoto
University, Vol. 20, ppo 139-148, July 1958.
The skew network difference equation for the differen~
tial equation of the deflection surface of the orthotropic
parallelogram plate
4 4 4
BOW + 2H 2l W + B 0 W =. p
x AX4 ax2 ayS y oy 4
1:-
were proposed for the special case H/(B .B ) 2 = 1 and for
x y
the special boundary condition that the plate is supported
simply at the opposite two skew sides and supported by flex-
ible edge girders at the other two sides. These difference
equations were applied to the theoretical analysis of the
experimental study on the model skew composite grillage
girder bridge, and it was found that this numerical analysis
was very effectiveo To calculate the influence coefficients
of the deflection and bending moment of the girders, the
electronic digital automatic computer UNIVAC-120 was usedo
N.2 Naruoko, M. and Omura, H.
BERECHNUNG AND BELASTUNGSVARSUCHE EINER SCHIEFWINKLIG
GELEGERTEN ORTHOGONALEN TRAGERROST BRUCKE, (Calculation
and Load Testing of a Skew Orthogonal Girder Bridge) ,
D~r Stahlbau, Vol. 31, Noo 11, p. 340, November 1962e
Reference is made to a study conducted in the United
eStates on load' distribution of rectangular girder bridges
with reinforced concrete slab and its results which were in-
corporated into Standard Specifications for Highway Bridges 0
The results are given of static calculation on load tests of
the skew orthogonal Junshin girder bridge recently completed
in Japan.
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N.3 Naruoko, M~ and Omura, H.
SKEW GIRDER BRIDGE BY THE THEORY OF ORTHOTROPIC
PARALLELOGRAM PLATES, The International Association
for Bridge and Structural Engineering, Publications
Vol. 19, ppo 231-256, 19590 '
The authors derived the skew.network finite difference
equation for the orthotropic parallelogram plate, simply
supported on the opposite two skew sides and supported by
flexible girders at the other two sides, and calculated the
influence coefficients of deflection and bending moment for
the special characteristic values of the plateso These
values of influence coefficients were verified by the experi-
mental researches on models of skew grillage girder bridges.
N.4 Nasser, K. N.
DESIGN PROCEDURE FOR LATERAL LOAD DISTRIBUTION IN MULTI-
BEAM BRIDGES, Prestressed Concrete Institute Journal,
Vol. 10, No. 5, pp~ .54-68, August 1965 0
A simple procedure is presented for determining lateral
load distribution in multi-beam bridges using prefabricated
concrete memberso The method is based upon a theoretical
study and analysis of orthotropic plates. Experimental work
is carried out on model and prototype members of hollow core
beams. Graphs are presented which can be used to di~ectly
evaluate the percentage of axle loads carried by a single
beam due to center and edge loadings on the bridge 0
N.5 National Academy of Sciences-National Research Council
THE AASHO ROAD TEST, REPORT 4~BRIDGE RESEARCH, Highway
Research Board, Special Report 610, Washington, DoC.,
1962.
An investigation of the effects of specified axle loads
and gross vehicle loads applied at known frequencies on
bridges of known characteristics was the primary objective
of these tests 0
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In particular, the investigation was divided into two
phases: (1) determination of the behavior of certain short
span highway bridges under repeated overstress, and (2) de-
termination of the dynamic effects of moving vehicles on
short span highway bridges.
In connection with the first. phase, the primary ques-
tions were on the fatigue life of structures subjected to
repeated high stress, and the manner in which failure occurs.
The second phase was concerned with the behavior of in-
dividual test bridges under a range of loads, and correla-
tion of observed dynamic effects with those predicted
theoretically.
The test bridges were selected considering the require-
ments of the first phase of the investigation. Eighteen
\
simple span slab and beam bridges were tested. Each bridge
had three beams and a reinforced concrete slab. All bridge
spans were SO ft. in length, and the beams included three
types of wide-flange, rolled steel sections: non-composite
without coverplates, non-composite with coverplates, and
composite with coverplates; pretensioned and post-tensioned
precast prestressed concrete I-sections; and reinforced con-
crete T-beams cast monolithically with the slab.
The principal variables for stresses were characteris~
tics of the cross section and design vehicle, and axle load~
ings and configurations.
Static, crawl, and dynamic tests were conducteo o The
static tests were conducted o~ly at, the beginning of the in-
vestigation. Temperature measurements were also taken using
thermo-couples.
The following major test conditions were investigated:
(a) variations in vehicle characteristics, and (b) change of
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bridge. c~aracteristics with time, and special tests included:
Ca) the effects of the springs of vehicles, Cb) initial os-
cillations of the bridge, (c) simulation of continuous traf-
fic, Cd) lateral position of the vehicle on the bridge, and
(e) sudden braking on the bridge.
N.6 No author listed
DYNAMIC TESTS OF TWO CANTILEVER TYPE STEEL GIRDER
BRIDGES, Nebraska, Department of Roads, Bridge
Division, August 19610
N.7 Neiman, A. S.
SHEARING STRESS DISTRIBUTION IN BOX GIRDERS WITH
MULTIPLE WEBS, Transactions of ASeE, Vol. 114,
pp. 162~180, 1949.
A method for finding the distribution of shearing stress
in box girders with multiple webs is presented in this paper.
In effect, the structure is allowed to distort under an as-
sumed set of shearing forces. A correction is then intro-
duced to satisfy conditions of geometry known to exist. The
particular example solved indicates that in some parts of
the structuve the shearing stresses are considerably greater
than the average.
N.8 Newmark, N. M.
A DISTRIBUTION PROCEDURE FOR THE ANALYSIS OF SLABS
CONTINUOUS OVER FLEXIBLE BEAMS, University of:Illinois,
Urbana, Engineering Experiment Station Bulletin Series,
No" 304, 1938.
The purpose of this bulletin is to explain a method of
analysis for certain: types of continuous slabs subjected to
concentrated or distributed loads. In order to study such
problems as the- effect of wheel loads on ~ slab continuous
189
over·ste~l stringers, or on a single-span bridge-~lab with
integral curbs or other stiffening beams at the edges, it is
necessary to have a rapid method of analysis.
The ana'lysis applies to a structure with certain ideal
properties, but does not deal with slichproblems as the ulti-
mate strength of the slab, effects of temperature, shrinkage,
and exposure to weather.
N.9 Newmark, N. Mo
DESIGN OF I-BEAM BRIDGES, Highway Bridge Floors
Symposium, Journal of Structural Division, Proceedings
of ASeE, pp. 305-331, March 1948.
The following are discussions relating to the Highway
Bridge Floors Sympos'ium:
Balog, L., Vol. 75, S'TLJ." pp. 538-544, April 1949
Slack, S. B. ,Vol. 74, ST4,~ pp a 1263-1266, September 1948
Tachau, H., Vol. 74, ST4, pp. 1422-1424, October 1948
Wendell, E., Vol. 74, ST4,. pp. 1419-1422, October 1948 0
Recommendations are presented for the design 'of the slab
and the beams of I-beam higpway ,bridges~ The behavior of the
slab-and-stringer bridge having beams in the direction of
traffic is discussed. The slab may be mechanically bonded
to the beams by shear connectors. The main reinforc'ement in
the slab is in the direction transverse to the beams" There-
fore, the longitudinal reinforcement is secondary
reinforcement.
In the paper, a load distribution factor k is given by
the formula b
k = S
where b· = s,pacing of the beams and
In the latter expre~sion, a is the span length and H is rela-
tive stiffness, defined by
s =
, a
4.6 + 0.04 .(H
190
(El) .beam
.H = a · eEl) slab per unit width
The usual values of s are given as 5.5 to 5.7 for non-
composite sections and 5.2 to 5.3 for composite sections.
N.IO Newmark, N. M.
DESIGN OF I-BEAM BRIDGES, Transactions of ASeE,
pp. 997~l022, 1949.
This investigation was concerned chiefly with the be-
havior of channel shear connectors. The effects of the fol-
lowing variables were investigated-width of connectors,
thickness of channel web, and compressive strength of the
concrete in the slab.
N.ll Newmark, No M. and Siess, C. P.
MOMENTS IN I-BEAM BRIDGES, University of Illinois,
Urbana, Engineering Experiment Station"Bulletin Series
No.. 336, 1942.
The studies reported in this bulletin were undertaken
in an attempt to obtain a better understanding of the be~
havior of the type of structure commonly called the I-beam
bridge" consisting of a concrete slab continuous over steel
beams.
The numerical values of moment coefficients are gener=.
ally applicable to structures with concrete instead of steel
beams, as well as to structures wi th steel beams anchored'. to
the concrete slab by means of shear connectors. The analyti~
cal work on I-beam bridges has been supplemented by tests bf-
models of a number of bridges. Influence values are given
for moments in the slab and in the beamse The flexibility
of the beams is taken into account.
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Using-the results of the analyses, empirical relations
are derived upon which the design of the slab and the beams
can be based. Formulas for maximum moments in the slab in
the direction transverse to the beams, both at the center of
a-panel and over a beam, for maximum longitudinal moments in
the slab, and for maximum moments in the beams, are giyen in
Chapters III and IV,
N.12- Newmark, N. M. and Siess, C. P.
RESEARCH ON HIGHWAY-BRIDGE FLOORS, Highway Research
Board Proceedings, 33rd Annual Meeting, pp. 30-5~, 1954.
This paper reviews the research on highway bridge floors
carried out at the University of Illinois during the period
from 1936 to 1954 under the sponsorship of the Illinois
Division of Highways and the Bureau of P,ublic Roads.
The paper includes brief descriptions\, of each .phase of
the investigation with references to the several publications
in which the research· methods an~ results have been reported
in, more detail.
N.13 Newmark, N. M., Siess, C. P. and Penman, R. R.
STUDIES OF SLAB AND BEAM HIGHWAY BRIDGES; PART I -- TESTS
OF SIMPLE-SPAN RIGHT I-BEAM BRIDGES, University. of
Illinois, Urbana, Engineering Experiment Station
Bulletin No. 363" Vol. 43, No. 42, March 1946.
Labora~ory te~ts were made on fifteen I-beam bridges.
All the structures tested were quarter-scale models ef
simple-span right bridges with five beams, the· principal
variables being the span length, the amount of reinforcement
in the slab, and the presence of shear connectors to provide
interaction between the slab and the beams.
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The purpose of these tests was twofold: (1) to compare
measured strains at various points on the structure with
values computed from the theory, and (2) to determine the
ult~mate capacity of the bridges and their manner of failureo
These tests were intended to supplement the analytical
studies reported in Bulletin 336. The effect on the behavior
of the struct~re of the discrepancies in the assumptions upon
.which the analysis is based is in general of importance only
qua~titativel,yo The qualitative picture of the action of the
I-beam bridge that is given by the analysis agrees very well
with the observed behavior; that is, the relative importance
of' the variables, the effects of changes in proportions, the
ioeations of the maximum moments, the manner of initial
failure, ~ll are indicated faithfully by the theory. How~
.ever, the numerical values of the strains at particular
points in the structure sometimes differ appreciably from
those predicted by the al1alysis. Even in such cases, the
reason for the discrepancy can be found in the theory, and
quantitative corrections can be made.
The test results are presented in detail in this bulle-
tin, and comparisons are made with theoretical calculations
in practically all cases.
N. 14 Newmark, N. -M. , . 'Siess, C. P. and Peckham, W" M.
STUDIES OF SLAB AND BEAM HIGHWAY .BRIDGES : .PART II -
TESTS OF SIMPLE SPAN SKEW I-BEAM BRIDGES, University
of Illinois, Urbana, Experiment Station Bulletin
Series, No. 375, Vol. 45, No. 31, January 1948.
Laboratory tests were made on five I-beam bridges having
angles of skew of 30 and 60°. The structures tested ~ere
quarter-scale models of simple-span bridges ~nd" except for
the skew, were similar to the long-span right I-~eam bridges
desc~ibed in Bulletin 363. The purpose of these tests was
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to determine the effect of skew on the behavior of I-beam
bridges. Since no analysis of the skew bridge was avilable,
the tests were so planned as to permit direct comparison
with the results from previous tests of right'bridgese
In this· bulletin the results of strain measurements at
various points on skew bridges are compared with the corres-
ponding data for right bridges. Thes~ comparisons furnish
the basis for conclusions regarding the effect of angle of
skew 'on the behavior of, I-beam bridges.
NelS Nicolsky, V. A.
REMARQUES SUR LE,CALCUL DES PONTS LARGES,.Annales des
Pants et Chaussees, pp. 613-629, September -October 1952.
This is a discussion of the paper written by M. Y. Guyon
in 1946. Nicolsky points out mainly that (a) discrepancies
in calculations of diaphragm moment can be reduced, (b) there
is some error introduced in the moment distribution coeffi-
cients for principal beams, and (c) it might be preferable to
treat the problem using a simple series instead of the double
series used by Guyon.
N.16 Norman, R. G.
DISTRIBUTION OF LOADS IN HIGHWAY BRIDGES - TESTS ON
PORIRUA BRIDGE, New Zealand Engineering, Volo 8, Noo 11,
pp. 384~388, 19S3~
In 1948, two' 50-ton synchronous condensers were trans-
ported by road from Ngauranga to Packakariki. It was found
that, while all other bridges could be avoided, the loads
would have to pass over the Paremata Bridgeo This bridge is
of a heavier type of construction than the other bridges on
the route,_ and it was concluded that, if the passage of the
load was made under strict supervision, the bridge would not
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be overstressed. Careful stress and deflection records were
.taken. -These showed that the bridge car'ried the overload
with a very large margin of safety. In fact, the maximum
stresses recorded were dnly about one-third of those calcu-
lated TT on a ,normal design pasis'.'.
In 1951, when a number of fur·ther heavy loads had to be
transp9rted, it was deciqed to allow them to pass over all
the concrete bridges en routeo The Porirua Stream Bridge,
being typic~l, was chosen for test measurements.
Six loads in all passed over, five of which were used in
the tests. The load train consisted of ~ towing tractor
(Federal), a Dyson trailer and a rear tractor (International) ..
The front and rear tractors· weighed 16.1 and 10.3 long tons
respectively, and the loaded trailer weighed 67.2 tonso The
individual axle loads of the tractor varied a little for
each load.
N.17 Novak, M. E., Heins, C. Po and Looney, C. T.
INDUCED DYNAMIC STRAINS IN BRIDGE STRUCTURES DUE TO
RANDOM TRUCK LOADINGS-, PROGRESS REPORT STUDY OF EFFECT
OF NEW VEHICLE WEIGHT LAW ON STRUCTURES, Civil Engi~
neering Department, University of Maryland at College
Park, February 1968.
This report explores in detail the dynamic bridge tests,
which were conducted on two existing bridges located in
Maryland.
The experimental testing of the two bridges was se~
lected on the following criteria:
(1) To obtain dynamic strain records of various bridge
girders due to the BPR test vehicle at known speeds.
(2) To monitor true dynamic behavio~ of bridge girder
strain due to random truck loadings.
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(3) . 'To obtain the actual ra~dom truck loading para-
meters in cooperation with a loadometer study.
(4) To correlate experimental data with analytical data.
(5) To predict the true dynamic behavior of bridges
under random truck loadings.
In order to accomplish this program and obtain the
above data, certain dynamic testing procedures and equipment
had to be designed. Also a'mathematical solution had to be
developed, or an existing techn~que used, in order to cor-
relate with and predict the actual dynamic behavior of bridges.
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0.1 OTConnor, C.
DESIGN OF BRlDGE, SUPERSTRUCTURES, John 'W~~ey and Sons
Inc., '1971.
A complete bridge includes (a) the. deck, (b) the primary
structural system, supporting the deck and spanning between
the piers, and (c) the substructure. This book is concerned
primarily with the second of these components. The deck and
substructure are referred to briefly in the Introduction.
A typical chapter of the book considers the design of a
particular type of bridge superstructure under the headings
(a) distinctive features, (b) typical structures, (c) analy-
sis, and (d) design. In some cases, a special discussion of
the erection problem is also included.
Methods of analysis occupy a large part of this book.
Although there i~ a current tendency toward the unification
of structural theory in general purpose computer programs,
certain types of structure still pose distinctive problems
in analysis which require special treatment; for example,
the problem in analyzing a tubular girder differs from that
for, say, a stiffened suspension bridge or an arch.
0.2 Olivares, Ao E., Goa, C., Meiser M., and Sanobrich, J~
LOAD DISTRIBUTION IN BEAM-GR~LL BRIDGE, Indian Concrete
Journal, Vol. 37, No.4, pp. 138-140, April 1963&
Tests on a 1/5 scale prestressed concrete model in con-
nection with an elevated expressway in Caracas, Venezuela, are
reported. 1he bridge consists of prefabricated prestressed
concrete mai,n beams and stiffener beams 'forming a beam grill.
Model analysis was undertaken to study the behavior of the
g~ill under concentrated traffic, especially with regard to
load distribution. A comparison of theoretical analysis fol-
lOWing Guyon-Massonnetmethod with experimentalresults showed
fair agreement~
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P.l Pama, R .. B. and Cusens, A. R.
LOAD DISTRIBUTION IN MULTI-BEAM CONCRETE BRIDGES, First
International Symposium, Concrete Bridge Design,
American Concrete Institute, Paper SP 23-7, pp. 97-116,
April 1967 ..
A method based on orthotropic pl~te theory is presented
to determine the distribution of lateral loads in multi-beam
concrete bridges that have low, transverse flexural rigidity
or are torsionally stiff, and thus are outside the range of
the Guyon-Massonnet approach. The deflection, bending and
torsional moments, shearing 'and reactiveforces are' expressed
as functions of dimensionless distribution coefficients. A
numerical examp.le. is shown to illustrate the application of
the theory to practical design.
P.2 Pama, R. P. and Cusens, A. R~
EDGE BEAM STIFFENING OF MULTIBEAM BRIDGES, Journal of
Structural Division, Proceedings of ASeE, Vol. 93,
No. ST2, pp. 141-161, April 1967.
A method is presented based on articulated plate theory
for the determination of the distribution of deflections, mo-
ments and forces in bridge decks made up of several beams.
The analysis employs a single series solution of the plate
equation. Design.equations are present~d in ,a simplified
form. The solution covers the case of multibeam b'ridges
with edge-stiffening beams. A'method of selecting an opti-
mum size of edge-stiffening beam is examined. Comparison, is
also made with previously reported tests on full size bridges.
P.3 Pama, R. P. and Cusens, A. R.
A LOAD DISTRIBUTION METHOD OF ANALYZING STATICALLY
INDETERMINATE CONCRETE BRIDGE DECKS, Secohd,International
Symposium, Concrete Bridge Design, American Concrete
Institute, Paper SP 26-25, pp. 599 .... 633, April 1969.
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P.4
P.5
Th~.paper presents the analysis of statically indeter-
minate orthotropic bridge decks due to rectangular patch
loads. Decks are classified into three main categories de-
pending on relative rigidities in flexure and torsiono The
analysis employs a series solut~on originally derived for
statically determinate bridge decks. Three typical examples
ar'e di"scussed: column-supported, continuous and propped-
cantilever decks.
Pandit, G. S.
TORSIONAL STIFFNESS OF REINFORCED CONCRETE BRIDGE
GIRDERS, Second International Symposium, Concrete
Bridge Design, American Concrete Institute, Paper
SP 26~26, ppo 634-662, April 1969.
Torque-twist characteristics of reinforced concrete
beams subjected to pure torsion, combined bending and tor-
sion as well as combined bending, torsion and shear have
been considered. Expressions for the angle of twist in pure
torsion and in combined loading have been presented and the
values computed from these expressions are compared wit;h the
observed angles of twist for thirty~one rectangular rein-
forced concrete beams tested by the author 'in various combi-
nations of bending, torsion and flexural shearo The beams
tested had overall cross sections of 6 x 9 in. (nom.
15 x 22.5 em.) and- 6 x 12 in. (nom. 15 :x 30 cm.) with widely
varying combinations of the longitudinal and transverse
steel to verify the validity of the equations for these dif-
ferent combinations. A fair agreement between the computed
and observed angles of twist was obtained.
Parkhouse, J. G.
LOAD DISTRIBUTION IN CELLULAR DECKS WITH NO INTERMEDIATE
DIAPHRAGMS, The Structural Engineer, Vo.l. 49, No.5,
pp. 215-222, May 1971.
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A description is given of a system of interconnected
beams representing a right simply supported multiple web
cellular deck with no intermediate diaphragms, followed by
an outline of a method of analysing the response of such a
system to any externally applied loading. A short computer
program using this method of analysis is described. Results
produced by this program are compared with, experimental re-
sults of a model test and show agreement to within a ,few per-
cent. Finally it is shown how this theory was applied to
the design of the New Cattle Market Bridge.
P.6 Pauw, A. and Breen, J. E.
TRANSFER OF LOAD BETWEEN PRECAST BRIDGE SLABS, Highway
Research Board Bulletin 279, pp. 1-17, 1961.
This paper presents the procedures used' and"~the._~res.ults
obtained in a series of static load tests designed to study
the mechanism of load transfer between adjacent precast
bridge:'siab sect,ions. These tests were undertaken as one
phase of a general structural and economic study of precast
bridge units under the sponsorship of the Missouri State
Highway Commission and the Bureau of Puplic Roads. Because
little or no information was available on the nature of the
mechanism of load transfer between precast slab se.ctions,
this test p):'logram was necessarily of ah exploratory nature
and was therefore designed to give specific information for
the st'andard channel sections presently used by the Missouri
State Highway Department.
P.7 Paxon, G. S.
LOAD DISTRIBUTION ON HIGHWAY BRIDGES HAVING ADEQUATE
TRANSVERSE DIAPHRAGMS, Highway Research Board, Research
Report No. l4-B, pp. 46-57, 1952.
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The ~rimary purpose of this report was to check the.
composite action of the deck and girders, but it .also al~
lowed a comparison of the girder deflections under varying
load positions. The investigation indicated that the"ex-
terior girders took' as much, if not mbre, load than the in~
terior girders. This led'to the adoption by Oregon of a
specification whereby the total assumed load on the span was
divided equally between all girders when adequate diaphragm
beams were provided.
P.s Peterson, W. S. and Kostem, c. N~
DYNAMIC ANALYSIS OF HIGHWAY BRIDGES USING THE FINITE
ELEMENT METHOD, Fritz Engineering Laboratory Report
No. 400.7, May 1972.
An analytical procedure for the determination of the
vehicle~induced dynamic response of highway bridges is pre-
sented. The equations of motion are established using the
Finite Element Method and then numerically integra~ed'with a
Runge~Kutta scheme. The analytical results are given in the
form of deflection and moment time histories. Comparisons
are provided between the analytical solution and the avail-
able experimental datao
P.g Pletta, D. Ho and Frederick, D.
MODEL ANALYSIS OF A SKEWED RIGID FRAME BRIDGE: AND SLAB,
Journal of ACI, Vol. 26, ppe 217-230, November 1954.
This paper presents the first part of a test series
which would include an aluminum and a reinforced concrete
rrtodel of a skewed slab rigid frame ,bridge.
As a firs.t part of the investigation, model~tests on
the aluminum model of a skewed :slab rigid frame bridge are
reported. The tests on model reinforced concrete beams to
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develop the technique of making small models of reinforced
concrete· are also given.
For the comparison of the behavior of a reinforced con-
crete model and its prototype, tests on a 1/8 scale rein~
forced concrete skew slab were conducted and the results are
given in the last part of the paper.
P.IO Pool, R. B., Arya, A. S. and Robinson, A. R.
ANALYSIS OF MULTI-BEAM BRIDGES WITH BEAM ELEMENTS OF
SLAB AND BOX SECTION, University of Illinois, Urbana,
Engineering Experiment Station Bulletin No. 483~
1965.
The analysis of single-span, right, multi-beam bridges
having beam elements of solid or hollow section is given.
A method is presented, based on the asymptotic behavior of
Fourier coefficients for accelerating convergence of Fourier
Series for joint forces. This method is computationally;
practical and leads to explicit determination of most in~or~
tant characteristics of joint forces. The results for joint
force distributions, and shears and moments in beams, are
presented in tables for selected, practical multi-beam
bridges composed of four and eight beams.
P.ll Powell, G. H., Ghose, A. and Buckle, I. G.
ANALYSIS OF MULTIBEAM BRIDGES, Journal of the Structural
Division, Proceedings of ASeE, Vol. 95, No. ST9,
pp. 1953-1965, September 1969.
Simply supported multibeam bridges with elements of
solid or box sections are considered. The structure is
idealized as a series of discrete beams, which may include
edge beams, joined by longitudinal hinges. The structure is
analyzed by a computer-oriented direct flexibility technique,
using harmonic analysis to reduce the two-dimensional problem
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to a series of one-dimensional problems. A design~oriented
computer program which has been developed to apply the
method is described and a detailed example is presented.
P.12 Prentzas, E. G.
DYNAMIC BEHAVIOR OF TWO CONTINUOUS I-BEAM BRIDGES,
Iowa Highway Research Board Bulletin Noo 14, 1958.
In this report, field tests on two continuous I~beam
bridges were reported. Test results were compared to the
theoretical values and the following conclusions were given:
(a) the actual live load resistance capacity of the bridges
was higher than the assumed value in design, (b) composite
I-beam bridges behaved closer to the assumed design values
than non-composite structures, (c) the curb and the entire
width of the slab have had contributions in the load carry~
ing capacity, (d) the test structures were stiffer than as~
sumed in design since actual deflections were less than the
computed ones, (e) the impact factors obtained for two
bridges proved that this quantity was very variable, cn the
average impact factors for an entire bridge span was in most
cases less than AASHO impact values, and (g) individual im~
pact factors exceeded AASHO values in many cases.
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R.l Rakshit, .K. S.
LOAD DISTRIBUTION IN BRIDGE DECKS, Indian Concrete
Journal, Vol. 38, No.6, pp. 214-218, 237, June 1964.
In this paper, the author discusses Po B. Morice's
theory of load distribution in bridge decks and outlines a
simplified method based on this theory. Design charts are
also provided so that distribution coefficients can be ob-
tained directly at various reference stations, with the load
at different positions on the deck. The method proposed is
applied to a prestressed concrete bridge problem.
R.2 Ramakrishnan, V.
WORKING STRESS DESIGN OF CONCRETE BRIDGE STRUCTURES -
A STATE OF THE ART SURVEY, Second International
Symposium, Concrete Bridge Design, American Concrete
Institute, Paper SP 26-23, pp. 582-588, April 1969.
A state-of-the-art survey on the design of concrete
bridge structures by the working stress method is presented.
R.3 Rameriz, N. and Veletsos, A.
RESPONSE OF THREE SPAN CONTINUOUS HIGHWAY BRIDGES TO
MOVING VEHICLES, University of Illinois, Urbana,
Engineering Experiment Station Bulletin Series No. 489,
1966.
R.4 Ray, K. C.
GRID FLOOR AS AN ORTHOTROPIC PLATE, Indian Concrete
Journal, Vol. 29, No. 11, pp. 271-275, 1955.
R.S Reese, R. T.
LOAD DISTRIBUTION IN HIGHWAY BRIDGE FLOORS - A SUMMARY
AND EXAMINATION OF EXISTING METHODS OF ANALYSIS AND
DESIGN AND CORRESPONDING TEST RESULTS", Department of
Civil Engineering Science, Brigham Young University,
March 1966.
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This thesis includes a thorough literature search and
review of available information on the distribution of live
and dead loads in a highway bridge. Methods for the analysis
and design of bridge slabs, slab bridges with curbs, slab and
beam bridges, and grid bridge systems are presented. Results
of field and labbratory investigations are presented for each
series of methods for analysis and design. The correlation
of theoretical and experimental behavior for each series of
methods is given so that the comparisons and/or discrepancies
may be known and understood.
The three major problem areas associated with correla~
tion of theoretical and experimental analyses of a bridge
floor system are given. The first of these problem areas is
the correct assessment of the interaction of the slab, sup-
porting beams, and diaphragms in the lateral distribution of
the load. Another of the problem areas presented in the
thesis is the understanding of the behavior of the edge mem-
bers and the role they play in the action of a bridge deck
under load. The problems in using deflection as the basis
for theoretical and experimental analysis of bridge deck
systems are included in the last major problem area given in
the thesis.
Major conclusions are presented in the thesis which in~
elude a complete discussion 'of the inadequacies. of the pre~
sent AASHO specifications with regard to the lateral distri-
bution of live and dead load. The methods of Guyon-Massohrt~t
and Hendry and Jaeger were found to be the most acaura~e p~o­
cedure for the analysis of bridge floors as shown by test
results.
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R.6 Reilly, R .. J. and Looney, Co T. G.
DYNAMIC BEHAVIOR OF HIGHWAY BRIDGES - FINAL REPORT,
University of Maryland, Civil Engineering Department,
April 1966.
In this report, the final results of crawl runs and
dynamic tests on three highway bridges located in Maryland
are given.
The field test of the bridges, the reduction of the
data' from these tests, and the analysis of the results are
the three phases of the project.
One of the bridges had three simply-supported spans and
it was composed of aluminum triangular box sections and a
lightweight concrete decke The test span had a length of
94.5 feet.
The other two bridges were a welded steel girder com~
posite deck structure and a post-tensioned prestressed con-
crete structure both,simply-supported- with a span length,of
100 feeto
The post-tensioned prestressed concrete girder struc~
ture was composed of equally spaced and laterally post~
tensioned nine T-beamso The steel composite bridge had
equally spaced seven girders.
Test speeds varying from crawl to a maximum of 50 mph
were used in the test. For each truck run, (a), the maximum
for each deflection gage, (b) the maximum for each strain
gage, (c) the strains at the time of maximum deflection,
Cd) the projected maximum for each deflection,gage, (e) the
maximum semi-amplitude for each deflection gage, and (fj the
longitudinal position of the truck for each of the above
conditions were measured and recorded 0
In the report, test results are used to obtain effec~
tive bridge stiffnesses, free vibrations, strain~deflection
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relatio~~hip, neutral axis location, lateral distribution of
live load,; bending stresses, and impact ,factors.
During the tests, to obtain induced impact due to the
irregularities in a ,bridge surface, board ramps were' placed
on the path of the truck.
The information about the gages and the computer pro-
gram followed by conclusions and suggestions for future
bridge tests is the last part of the report.
R.7 Resinger, FD
THE FIXED-END RESTRAINT DUE TO SKEW BRIDGE S.uPPORTS,
Proceedings of International Association for Bridge
and Structural, Engineering, Seventh Congress,
Brazil, Rio de Janerio, pp~ 607 ... 614, .August 1964.
The fixed~e~d restraint arising from the ~kew supports
of torsionally rigid bridges is studied systematically for
given characteristic imposed la,ads; the results are pre-
sented, in the form of diagrams, in relation to two -dimen-
sionless parameter's characterising the s,ystem. The value
of these paramete~s is determined by the ske~ angle, the
ratio of the flexural and torsional r:Lgidities and the ratio
of the distance of the supports to the width of the spano
R.8 Reynolds, G. C.
THE STRENGTH OF PRESTRESSED CONCRETE SLAB BRIDGES WITH
EDGE BEAMS, Cement and Concrete Association, Technical
Report TRA/237, London, December 1956.
Two small prestressed concrete slab bridges with edge
beams have been tested to failure under single concentrated
loads, and the results are in close ~greement with those
predicted by :the yield line method of analysis.
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The-analysis is based on the assumption that the full
moment of resistance is developed along the whole length of
a-system of yield lines which convert the structure into a
mechanism. That mechanism is sought which gives the minimum
value of the load.
R.9 Reynolds, G. C.
THE STRENGTH OF PRESTRESSED CONCRETE GRILLAGE BRIDGES,
Cement and Concrete Association, Teclmical Report
TRA/268,London, June 1957.
The members of a transversely loaded grillage are sub-
jected to bending, torsion, and shear. To provide data for
the analyses of the grillages tested in this investigation,
twelve beams have been tested in combined bending and
torsion.
A .method', based on the plastic theory and using some
simplifying assumptions, is described for the determination
of the collapse load of grillage bridges. It is shown that
it is possible to obtain an indication of the rotations
which must occur at plastic hinges for full moment redistri-
bution to take place. Nine small-scale bridges, comprising
a-preliminary structure, six right bridges and two skew
bridges, have been tested to destruction.
R.IO Richart, F. E.
LABORATORY RESEARCH ON CONCRETE BRIDGE FLOORS,
ASCE Proceedings, pp. 288-304, March 1948.
The primary objective of the project was to determine
the behavior of reinforced concrete slabs under varying con-
ditions, and to use this information to improve the bridge
construction technique.
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The subject of the study was a theoretical and experi~
mental investigation of the effect of concentrated loads on
bridge slabs. However, the work was extended to the action
of the supporting beams, so that the investigation has actu~
ally been applied to the complete floor system of highway
bridges.
R.Il Robinson, K. E.
THE EFFECT OF SKEW ON THE BEHAVIOUR OF SIMPLY SUPPORTED
BRIDGE SLABS, Cement and Concrete Association,
Technical Report TRB/271, July 1957.
R.12 Robinson, K. E.
THE BEHAVIOUR. OF SIlYlPLY SUPPORTED SKEW BRIDGE SLABS
UNDER CONCENTRATED LOADS, Cement and Concrete Associ~
ation, Research Report No~ 8, November 1959.
R . 13 Roes Ii, A.
LATERAL LOAD DISTRIBUTION IN MULTI-BEAM BRIDGES, Fritz
Engineering Laboratory Report No. 223010, July 1955.
A method is derived to analyze multi~beam bridges and
especially to determine for what portion of the live load
each beam must be designed.
Present design procedure being rather conservative in
its scope, this analysis will represent a more realistic
solution for the problem and may lead to a more economical
design of such bridges.
The method is based on the theory of orthotropic plates
and on the main assumption that the interaction of the beams
provided by shear keys and lateral prestress exclude any
slip between the beams.
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Formulas for deflections, moments and forces are de-
rived for bridges with various degrees of lateral prestress.
A limiting case was found in the TTarticulated platen, a
bridge with no lateral bending stiffness, but with a beam
connection which transmits the full shear force.
Numerical values are presented for the most important
loading conditions and for bridges of various sizes. For
design purposes the coefficients of lateral load distribu-
tion.may be used.
R.14 Roesli, A. and Walther, R.
THE ANALYSIS OF PRESTRESSED MULTI-BEAM BRIDGES AS
ORTHOTROPIC PLATES, Proceedings of the World Conference
on Prest~essed Concrete, July 1957.
A method of design of prestressed multi~beam bridges is
proposed based on the analysis of orthotropic plates. The
problems and the theory of this kind of plate are stated and
the differential equation, is solved and numerically worked
out for ,practical applications. The determination of the
stiffness properties, the effect of lateral post-tensioning,
the influence of incomplete interaction of shear keys and
slip in between adjacent beams were obtained from field and
laboratory tests.
R.15 Roesli, A., 'Smislova, A., Ekberg, C. E. and Eney, Wo JIt
FIELD TESTS ON A PRESTRESSED CONCRETE,MULTI-BEAM
BRIDGE, Highway Research Board Proceedings, Vol. 35,
pp. 152-171, 1956.
This paper describes the testing of a 33-ft. span
bridge consisting of nine pretensioned prefabricated girders,
laterally. post-tensioned. The girders were 21 in. by 36 in It
in cross section, and had two 12-in. diameter hollow cores.
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The purpose of the dynamic tests was to obtain informa-
tion regarding the general behavior of the bridge under dy-
namic loading. Lateral load distribution is not investi-
gated for this type of loading.
For dynamic tests, a truck was driven at a speed of
2S mph and to get induced impact, a 2~in. thick plank was
later placed across the' bridge at midspan. The truck load
was S7 kips distributed on three axle~ at 13 ft. and 22 ft.
spacings.
R.16 Roll, F. and Aneja, I.
MODEL TESTS OF' BOX~BEAM HIGHWAY BRIDGES WITH CANTI~
LEVERED DECK SLABS, ASCE Transportat~on Conference,
Philadelphia, Pennsyl~ania, Conference Reprint No. 395,
October 1966.
The fabrication, instrumentation, and testing of two
plastic models of simply-supported highway box-beam bridges
with symmetrically cantilevered top decks are described.
One bridge is straight and the other is curved in planQ
Test results are not reported.
The cross section may consist of a single cell, mul~
tiple adjacent cells or multiple separate cells joined at
the deck. These structures are frequently constructed by
precasting relatively short lengths of a concrete box sec~
tion, and then post-tehsioning the segments together to form
the required bridge structure. Because of the structural
efficiency of such a cross section, and the efficient
methods of construction, such structures are becoming in-
creasingly important 0
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In ~pite of its simplicity, the response of such struc~
tures to concentrated loads or partial lane loads on the top
deck is not known, and no satisfactory analysis is available.
The methods of analysis normally used for thin-walled box
sections such as those used in aircraft structures may not
apply because of the relatively thick webs required for the
passage of the prestressing tendons. It becomes more com-
plicated when the bridge is curved in plan.
As a means of observing the elastic response of such
bridges, and for experimental verification of proposed
methods of analysis, two models were constructed and tested.
Each model was made of an acrylic resin with essentially
similar dimensions and support conditionsa The dimensions
were selected to represent a scale factor of approximately
1/30 of the dimensions of a typical prototype structure.
For the purpose of converting the measured strains to
stresses unit loads and unit moments, a Fortran IV program
for IBM 7040 has been·written and data processed.
R.17 Rose, E. A.
DIE BERECHNUNG LANGSVERSCHIEBLICHER RACHMENBRUCKEN
UNTER BERUCKSICHTIGUNG DER SCHUBSTEIFHEIT DER FAHRBAHN~
PLATTE, Bautechnik, Volo 38, Noo 4, pp. 136-138,
April 1961. (In German)
The calculation, of longitudinally movable frame bridges,
taking into account the modulus of shear of roadway slab, is
presented 0 It is pointed out that the important effect of
the deck slab on load distribution has to be considered in
the design of prestressed frame system of bridges 0 Theoreti=
cal and graphical analyses of load distribution are also
given.
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R.18 Rowe, R. ?
AN "INVESTIGATION OF THE LOAD DISTRIBUTION CHARACTER~
ISTICS OF PRESTRESSED CONCRETE BRIDGE SLABS WITH
SPECIAL REFERENCE TO THE TRANSVERSE MOMENTS, 'Cement
and Concrete Association, Technical Report TRA/182,
London, April 1955.
Experimental work has been carried out on prestressed
concrete slabs with three span/breadth ratios, ,simply sup-
ported as bridge slabs, to obtain the distribution of de-
flections and longitudinal and transverse moments for vary-
ing positions of a single or dopble load. The results ob-
tained have been compared with those given by the theoretical
analyses of Guyon and Massonnet. Excellent agreement was
obtained for the deflections but for the longitudinal mo-
ments it was necessary to increase the theoretical values by
certain percentages to obtain the actual values, as has been
suggested by Guyone In the case of the transverse fmoments
considerable discrepancies between theoretic&l ~n~ experi~
mental values occurred. Guyon's analysis was extended to
allow for the Poisson's ratio effect, which he had. as~
surned to be zero, and the agreement was then found" to be
very satisfactory.
The magnitude of the maximum transverse moment was
found to be considerably greater than that normally allowed
for in design procedure, but, for any particular slab, it
can be accurately assessed by means of the theoretical
analysis given in~the Appepdix of this referenced report.
R.19 Rowe, R. E.
A LOAD DISTRIBUTION THEORY FOR BRIDGE SLABS ALLOWING
FOR THE EFFECT OF POISSONTS RATIO, Magazine of Concrete
Research, Vol. 7, No. 20, PP. 69-78, July 1955~
The use O'f the load distribution theories presented by
Guyon and Massonnet has facilitated the estimation of the
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effects of heavy abnormal loads on bridge deck structures.
Tests on laboratory, models, as well as on actual bridges
subjected to such loading, have established the validity of
the theories, at least as far as the determination of the
defleotions and longitudinal bending moments is concerned.
However, discrepancies between the actual and theoretical
transverse bending moments have been noted, particularly in
the case of an i.sotropic slab bridge structure. It was felt
that the neglect of PoissonTs ratio in the load distribution
theories led to the discrepancies, and that a consideration
of this factor would lead to a more accurate evaluation of
transverse bending moments. For these reasons the analysis
of bridge decks presented by Guyon has been extended to
allow for PoissonTs ratio.
The effect of the value of PoissonTs ratio on the theo~
retical distribution factors for deflections and longitudinal
bending moments is discussed. In the case of the transverse
bending moments, a series of curves for the distribution co-
efficient, ~, have been prepared from which more accurate mo=
ment values can be computed. In these computations,
Poisson's ratio is taken as 0.15 which·is the case for re-
inforced and prestressed concrete.
R • 20 Ro'we, R. E.
A NOTE ON THE TRANSVERSE· MOMENTS IN A PRESTRESSED
CONCRETE·· BRIDGE SLAB, Magazine of Concrete Research,
Vol. 6, No. 18, pp~ 149-150, December 1954.
This article deals with the application of the theories
of Massonnet and Guyon to a flat slab briqge model. Partic~
ular mention is made of the distribution and the absolute
values of the transverse moments in relation to the theor~t{­
cal values. Only. one slab had been tested at the time of
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this pap~r, but further tests 'on slabs' of different
span/width ratios were reported to be in progress 0
R. 21 Rowe, R. E.
CONCRETE BRIDGE DESIGN, John Wiley and Sons, '
New York, 1962.
R.22 Rowe, R. E.
LOAD DISTRIBUTION IN BRIDGE SLABS, Magazine of Con-
crete Research, Volo 9, No. 27, p. 151, November 1957.
Tests on th~ee prestressed concrete slabs of varying
span breadth ratios have given data concerning the load dis-
tribution properties of such structural form~. The results
for the distribution of ,deflections, longitudinal and trans-
verse bending moments under one, two, or four equal loads
are given, and-compared with results given by the theoretical
analysis ~ The effect of considering' Poisson t,s ratio in the
theoretical analysis is discussed. The distribution of
transverse bending moments, both in the transverse and lon-
gitudinal directions, is considered in detail. The maximwn
value of the transverse moment occurri~g under M~nistry of
Transportation abnormal load is estimated, and the position
of the wheel loads to give the maximum is considered 0 The
variation in the transverse moment along the span due to
such abnormal loading is also discussed.
R.23 Rowe, R. Eo
LOADING TESTS ON LANGSTONE BRIDGE, HAYLING ISLAND,
HAMPSHIRE, Cement and Concrete Association,
Technical Report TRA/289, London, January 1958.
Loading tests on a prestressed concrete pseudo~slab
bridge (i.e. individual prestressed concrete beams placed
side by side, jointed and subsequently trans'versely stressed)
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using an abnormal loading vehicle were carried out to deter-
mine the distribution characteristics of the bridge.
The results were in good agreement with the theoretical
assumptions except for the so-called TTmeanTT deflections and
moments. Laboratory tests on beams similar to those used in
the bridge were carried out to determine both Young's
modulus and the loss of prestress.
R. 24 Rowe, R. E.
LOADING TESTS ON ST. MARTIN'S BRIDGE, STAMFORD,
LINCOLNSHIRE, Cement and Concrete Association,
Technical Report TRA/288, London, January 1958.
Tests on a B,hart span compas~te-slab bridge are de-
scribed and the results obtained presented. From these it
is evide.nt that the make-up concre'te forming the road cam-
ber acted structurally to a ce~tain e~tent and that edge-
stiffening effects were introduced by the masonry parapet
beam and the concrete fill upde~, the sidewalks.
The overall behavior of the bridge' throughout the tests
was consistent with the assumption that it was a beam and
slab bridge in which cracks had formed between the precast
beams.
R.25 Rowe, R. E.
THE ANALYSIS AND TESTING OF A TYPE OF BRIDGE SUITABLE
FOR MEDIUM RIGHT SPANS SUBJECTED TO ABNORMAL. LOADING,
Cement and Concrete Association, Technical Report
TRA/292, London, March 1958.
A type of bridge is analyzed that is suitable for medium
right spans in the range from 20 to 60 ft. and possesses
good distribution characteristics which enable it to sustain
both the Ministry of Transport standard and abnormal loading.
The bridge is essentially a box-beam construction employing
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precast_prestressed inverted T"""beams, precast diaphragms,
and a top slab precast or-cast lin situ.
Two models of this type of bridge were constructed and
tested to destruction in order to check both the validity of
the design and the methods of construction emp'loyed.
R.26 Rowe, R. E.
LOAD DISTRIBUTION THEORY FOR NON-TORSION BRIDGE
GRILLAGES WITH VARIOUS SUPPORT CONDITIONS, Civil
Engineering (London), Vol. 53, pp. 1271-72,
November 1958; pp. 1405-1407, December 1958; and
Vol. 54, pp. 73-74, January 1959; ppo 73-74,
February 1959.
The theory bears a certain relationship to that already
used for simp1y~supported bridges, and retains a method of
distribution coefficients represented graphically. A theory
for the extreme case of a non-torsion grillage is also ob-
tained. Load distribution in non~torsiongril1agewith vari~
ous end conditions are discussed, and longitudinal and trans-
verse bending moments are comppted. The results of the tests
for distribution of deflection under various loading condi-
tions are compared with the theoretical analysis.
The comparison shows that theoretical values for deflec-
tion are within 5% of experimental values for points on vari-
ous sections where distribution is considerably different~
The method of analysis is illustrated.
R.27 Rowe, R. E.
THE DISTRIBUTION OF SHEAR ,FORCES AND BEARING REACTIONS
IN SIMPLY SUPPORTED BRIDGES, Cement and C'oncrete
Association, Technical Report TRA/353, London, ,May 19610
The derivation of the shear forces and bearing reactions
in simply supported bridge structures subjected to groups of
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concentrated loads is given. The expressions for both the
shear forces and the reactions involve Fourier series and
distribution coefficients.
The Fourier series are not rapidly convergent and hence
it is necessary to consider a number of terms in the series
for both the shear forces and bearing reactions. This pro-
cedure is facilitated by the design curves.
R.28 Rowe, R. E.
LOADING TESTS ON TWO PRESTRESSED CONCRETE HIGHWAY
BRIDGES, Proceedings of the Institute of Civil
Engineering, Vol. 13, PP. 477-498, 1959.
Tests on two short~span bridges, subjected to abnormal
l~ading, are described and the results obtained are analyzed.
One bridge was of the composite~slab type and the other of
the pseudo-slab type.
From the tests it was evident that, for the composite
slab, the make-up concrete forming the road camber acted
structurally to a certain extent and that edge-stiffening
effects were int~oduced by the masonry parapet beam and the
concrete fill under the footpaths. The recovery of the
bridge under the maximum loadi~g was yery good and the re~
sults indicated that the maximum' pe~centage of the live load
taken by, any beam, was about, 8~;6. The overall behavior' of
the bridge throughout the tests was consistent with the as~
sumption that it was a beam-and~slab bridge in which cracks
had formed bett\'een the precast beams.' For the psuedo ....slab,
the results were in good agreement with the theoret~cal as-
sumptions excep~ for the so-called TThieanTT deflections and
moments. These were. about 22%les8 than anticipated owing
primarily to the edge-stiffening effect of fascia beams tied
structurally to the main-carriageway beams by reinforced
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concret~ .~labs forming the footpaths, which had been ignoreg
in t~e: design and analysis 0 Ht:;nce, although th~ edge stiff-
ening increas~d the distribution coefficierits by something
like 17%, ~he ~p~~lute values o.f both the ,maximum deflections
and stresses were s.lightly less, than exp.eated~.
R.29 Rowe, R. E. and Best, B. C.
THE ·USE OF MODEL ANALYSIS AND: TESTING IN BRIDGE, DESIGN,
Proceedings of International Association for Bridge
and Structural Engineering, Seventh,Congress, Rio de
Janerio, Brazil, pp. 115-121, August 1~64 ..
Tests on models of three bridge designs::a're' briefly de-
scribed; the material and scale of the mode~~ were selected
having regard to the information required from the model
test. These tests illu~trate s~me of the uses of models as
a design aid' in obtaining information concerning the elastic
and ultimate load behavior of bridge structures which cannot
be obtained by analytical procedures.
R.30 Rowe, R. and Somerville, G.
RESEARCH ON SLAB TYPE AND SPINE BEAM BRIDGES, Conference
at University College, Cardiff, Developments in Bridge
Design and Construction, March 1971.
The scope of the work of the Cement and Concrete Asso-
ciation on slab type and spine beam bridges is described.
The essential aspects of the determination of the parameters
governing the behavior of the bridges are discussed and,
where possible, recommendations are made on parameter evalu~
ation'in designo The primary object of the work, which is
supported by the Construction Industry Research & Information
Association, is the evolution of s,implified design procedures.
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R.31 Ruesch, H~
RECENT ADVANCES IN DESIGN AND BEHAVIOUR OF CONCRETE
BRIDGES, Journal of Structural Division, Proceedings
of ASCE, Vol. 87, ST7, October 1961.
The principal factors that influence ~ecent advances in
concrete bridge design are discussed. Among these factors
are the use of high strength concretes and steels, the de-
velopment of prestressing, the selection of structural types
and model statics. Construction features are also discussed.
R.32 Rundell, C. V.
DISTRIBUTION OF CONCENTRATED LOADS IN REINFORCED
CONCRETE SLABS, The Engineer, Vol. 160, pp. 161-162,
August 1935.
The author discusses a theory on the distribution of
concentrated loads in reinforced concrete slabs. He states
that the theory can be effectively applied to all structures
as the theory takes into account all the variables of slab
thickness, steel and concrete working stresses, size of rods
employed, and all other feature~ embodied in the design. of
the structure.
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S.l Sanders,~. W., Jro and El1eby, H. A.
DISTRIBUTION OF WHEEL LOADS ON HIGHWAY BRIDGES, National
Cooperative Highway Research Program Report 83, Engi~
neering Research Institute, Iowa State University 1970.
The research that is reported was undertaken for the pur-
pose of developing more realistic design criteria for distri-
bution of wheel loads on highway bridges.
The study was limited to short- and medium-span bridges;
that is, bridges with ~pans up to about 120 ft. In this
span range, the bridge types can be classified into three
general categories: beam and slab, multi-beam, and cast~in­
place concrete box girder. The behavior of these bridges
can be characterized by the following majo.r variables': as-
pect ratio (bridge width/bridge span), relative stiffness of
beams and floor, relative diaphragm stiffness, and extent of
bridge continuity. The effect of these variables on the
load distribution was investigated with respect to the
number and position of wheel loads.
Ex.tensive numerica·l studies relating beam moments to
the number and the later~l position of'standard truck load-
ings for various combinations of the variables previously
listed were then conducted. These results were used to
determine a number of influence lines for beam momento How-
ever, 'the complexity of the interrelation of the variables
ma~~s using these charts in a design office virtually impos~
siblet) Thus, an empirical equation developed from these
charts was formulated and is presented in a proposed revi-
sion to the current AA8HO Specifications for load
distribution $
8.2 Sartwell, A. Do, Heins, C. P. and Looney, C. T.
ANALYTICAL AND EXPERIMENTAL BEHAVIOR OF A SIMPLE-SPAN
GIRDER BRIDGEi' Highway Research Board, Research' Record
No. 29~,'ppo 113~127, 1969. .
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The ~ehavior of a-simple-span, composite girder bridge:
is predicted by the finite~differencemethod as used in the
solution of continuous orthotropic plates on, flexible sup-
ports. This method incorporates the use of several computer
programs. Several modifications to the girder stiffnesses
and effects of the parapets are examined, and equivalent
orthotropic plate parameters are studied.
In addition to the analytical study, exhaustive field
tests were conducted on the bridge. Many longitudinal and
transverse truck positions, in which the U. S. Bureau of
Public Roads test vehicle applied the static load, were used
and the effects were recorded. The bridge was fully instru-
mented with both strain and deflection gages. Comparisons
made between the analytical and experimental girder strains
and deflections result in good agreement.
S.3 Sartwell, A. D., Heins, c. P. and Looney', C. T.
THE ANALYTICAL ,AND EXPERIMENTAL STUDY OF A SIMPLE GIRDER
SLAB BRIDGE, PROGRESS REPORT STUDY OF NEW VEHICLE
WEIGHT LAW ON STRUCTURES, Civil Engineering Department,
University of Maryland at College Park, February 1968.
This repo~t is a correlation between the analytical an~'
experimental studies for a simple girder slab bridge.
S.4 Sattler, K.
BETRACHTUNGEN ZUM BERECHNUN~SVERVAHREN VON GUYON-
MASSONNET FUR FREIAUFLIEGENDE TRAGERROSTE, Bauingenieur,
Vol. 30, No.3, pp. 77-83, March 1955.
The method of M. Y. Guyon and C. Massonnet is applied
in calculation of cantilever beams and is extended to apply
to any system. To prove the validity of the theory, test
results on a model of 304 meters long concrete highway bridge
over seven spans with seven main girders and without
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torsional strength, are given. Calculations with special
regard to torsional resistance of main and transverse beams
and load distribution are also shown.
S.5 Sawka, F.
BRIDGE DECK ANALYSIS - ELECTRONIC COMPUTERS VERSUS
DISTRIBUTION METHODS, Civil Engineering and Public
Works Review, Vol. 60, pp. 534-538, April 1965.
Advocates of distribution methods argue that the com-
puter grillage analysis fQr bridge decks is incapable of re-
presenting correctly slab-action which'is present in actual
structures. Computer solutions of a slab bridge has been
compared with-experimental results and distribution coeffi-
cient's, the results showing an excellent agreement between
computer solution and experimen-t. The grillage program,
which is readily available at ~ost computer installations,
can be used with-confidence f~r the analysis of bridge decks~
8.6 Sawko, F. and -Cope, R ...-J .
ANALYSIS .OF---MULTlI;OCELL BRIDGES WITHOUT TRANSVERSE
DIAPHRAGMS - A FINITE ELEMENT APPRfrACH, The Structural
Engineer, Vol" 47, Noo 11, pp. 45S-460~ November 1969 .
. The paper presents a new approach to the analysis of
bridge decks having a-cellular transverse cross section. It
uses a madified finite element technique and solutions are'
obtain§d by fully-automatic compute~ program. Orrly the major
st~ess-carrying nodes are r~presented and a'considerable
saving in the number of simultaneous equations to be solved
is achieved. The degree of acctiracy obtained is, assessed by
comparisons with empirical values and the programs are used
to investigate the effect of distortional stiffness on
stresses.
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8.7 Sawka, F. and Cope, R. J.
THE" ANALYSIS OF SKEW BRIDGE DECKS - A NEW FINITE
ELEMENT APPROACH, The Structural Engineer, Vol. 47,
No.6, p. 215, June 1969.
The paper, presents a new approach to the analysis of
skew struQtures, based on the finite element method using a
rectangle~triangle configuration. An automatic computer
program based' on the method is described. Comparison with
'existing experimental and theoretical results verify the ac-
curacy of t~e new method. Problems of Poisson's ratio effect
and orthotropy,of skew slabs are investigated in some detail ..
8.8 Sawka, F. and ~erriman, P. A.
FINITE ELEMENT ANALYSIS OF BRIDGES CURVED IN PLAN,
Con-ference at University College, Cardiff, "Developments
in Bridge Design and Construction, March-April 1971.
The paper deals with the analysis of isotropic and
orthotropic bridge decks curved in plan. Stiffness matrices
for segmental and quadrilateral elements for plate bending
are used in general finite element slab programs for the
analysis of simply'supported and continuous isotropic and
orthotropic br~dges. Comparison with published results de-
monstrates the high degree of accuracy obtainable with the
authors' s~gmental plate bending ~lement.. Tests on continu-
ous uniform and varying section perspex slabs on point strips
are described and used as further ev~dence for the validity
of the proposed bridge.
8,.9 Sawka, F. and Mosley, W. H.
. GRI~LAGE ANALYSIS OF COMPOSITE BOX GIRDER BRIDGE DECKS,
Civil Engineering ~nd Public Works R~view, VolG 64,
No. 759, pp. 979-981, October 1969.
A computer program for the analysis of grillages is
used to investigate the lateral distribution of live load in
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a simply ,supported span of a composite trapezoidal box
girder bridgelt The analytical results are compared with ex-
perimental results from a test on a quarter scale model
bridge carried out in the Department of Civil Engineering at
the University of Washington. The agreement between experi-
mental results and grillage analysis is remarkably good, con-
firming the validity of the approach'foI" the analysis of com-
posite trapezoidal bridges.
8.10 Sawka, F~ and Willcook, B. K.
COMPUTER ANALYSIS OF BRIDGES HAVING VARYING' SECTION
PROPERTIES, The Structural Engineer, Vol. 45, No. 11,
pp. 395~400, November 1967.
The paper describes the development of computer pro-
grams for an accurate analysis of grillages and plane frames
consisting of members having varying section properties.
The accuracy o,f the grillage program has been tested on a
perspex model bridge deck and the results indicated good ac-
curacy of the method for the analysis of plated and fully
torsionally stiff structures.
S.ll Sawka, F. and Willcock, B. K.
AUTOMATIC DESIGN OF PRESTRESSED CONCRETE BRIDGES BY
ELECTRONIC COMPUTER, Second International Symposium,
Concrete Bridge Design, American Concrete Institute,
Paper SP 26-28, pp. 690-713, April 1969~
Design of statically indeterminate multi~span bridges
presents considerable difficu1tieso Computer programs now
are used to carry out the elastic analysis of a statically
indeterminate structure. The authors embark here on the
task of developing· a program for the design of a three span
continuous prestressed concrete bridge havihg varying sec-
tion propertieso The program is fully automatic, i.e., the
program optimizes the geometry.
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S .12 Schaffer, T. and VanHorn, D. A.
STRBCTURAL RESPONSE OF A 45° SKEW PRESTRESSED CONCRETE
BOX-GIRDER HIGHWAY BRIDGE SUBJECTED TO VEHICULAR
LOADING - BROOKVILLE BRIDGE, Fritz Engineering .
Laboratory Report No. 315.5, October 1967.
Some of the field tests conducted on prestressed con-
crete box beam right highway bridges located in the Common-
wealth of Pennsylvania hav~ been already reported (see re~
ports Nos. D.10, G .14 and G .15 in thi~ Bibliography). In
this report, field test results on a 45° skew prestressed
concrete box~beam highway bridge located at Brookville are
presented. A detailed description of the field test pro~
cedure and equipment is followed by a complete outline and
flow chart of the computer program used in the pro,cessing
and analysis of the data. The measured structural response
of the bridge is summarized and compared to a right bridge
having nearly identical overall dimensions and member sizes.
The test bridge was a beam~slab structure where four
precast, pretensioned box girders topped by a composite re~
inforced concrete deck slab, were utilizede The, main pur-
pose of the instrumentation in the test was the measurement
of fiber strains to .evaluate internal bending moments pro~
duced by the test loading. Also, girder deflections, slab
strains, and midsp~n diaphragm strairts are measured by addi-
tional instrumentati'on.
Tests were conducted uS1ng a load vehicle closely con-
forming to AASHO HS 20-44 loading, along with a mobile in-
strumentation unit. All test runs reported were made at
crawl speed.
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S.13 8cordelis, A. C.
ANALYSIS OF SIMPLY SUPPORTED BOX GIRDER BRIDGES,
Structures and Materials Research, Department of
Civil Engineering, University of California (Berkeley)
Research Report N09 SESM-66~17, October 1966.
The objective of this investigation was the development
of a general method of analysis for simp·ly supported box
girder bridges. The study was concerned with the elastic
analysis of these structures by methods suited to the appli-
cation of digital computers. Ultimate goal of the investiga-
tion was the development of a general computer program cap-
able of determining displacements and internal forces in
multi-celled, simply supported box girder bridges subjected
to a variety of loading and boundary conditions.
8.14 Scordelis, A. C.
ANALYSIS OF CONTINUOUS BOX GIRDER BRIDGES, Structures
and Materials Research, Department of Civil Engineering,
University of California (Berkeley) Research Report Noo
SESM-67-,25, November 1967.
The'objective of this investigation was the development
of general methods of analysis for continuous box girder
bridges 0 The study'was concerned with the elastic analysis
of these structures by methods suited to the application of
digital computers. The ultimate goal of the investigation
was the development of general computer programs capable of
accurately determining displacements and internal forces in
prismatic cellular box girder bridges having arbitrary cross
sections and end support conditions. These programs were
to be designed to require a minimum amount of input informa~
tion and be able to meet a variety of loading and boundary
conditions.
227
8.15 Scordelis, A. C.. , Bouwkamp, J .. G.. and Wasti, S .. T ..
STRUCTURAL BEHAVIOR OF A TWO SPAN REINFORCED CONCRETE
BOX GIRDER BRIDGE MODEL, VOL .. II - REDUCTION, ANALYSIS
AND INTERPRETATION OF RESULTS, Structures and Materials
Research, Department of Civil Engineering, University
of California (Berkeley), UC-SESM Report No. 71-16,
October 1971.
A detailed presentation of the reduction, analysis and
interpretation of the experimental and theoretical results
obtained in testing a large scale two span, four cell, rein-
forced concrete box girder bridge model is given. The vari-
ous computer programs used in obtaining theoretical results
are described and compared.. The methods and computer pro-
grams used for reduction af experimental data are also pre~
sented.. Results, in terms of reactions, deflections,
strains and moments, for the response of the bridge to dead
load, war'king stress loads and at overload stress levels
are given and comparisons between experiment'al and theoreti=-
cal values are made$ A review of the behavior under sus-
tained dead load during the load history, of the model is
!given wi th respect to strains', deflections and cracking 0
'Th~ loading to failure, and observations of structural be-
havior during this .final phase are considered in detailo
8.16 Scordelis, A. C., Bo,uwkamp, J. G.. and Wasti, S. T.
STRUCTURAL BEHAVIOR OF A TWO SPAN REINFORCED CONCRETE
BOX GIRDER BRIDGE MODEL, VOL.. III - DETAILED 'TABLES OF
EXPERIMENTAL AND ANALYTICAL RESULTS, Structures ~nd
Materials Research, Department of Civil Engineering,
University of California (Berkeley), UC-=-SESM Report
No. 71-17, October 1971$
Detailed tables of experimental and analytical results-:
obtained in testing a large scale two span, four cell, rein=-
forced concrete box girder bridge model are presented.. Re~
sults in terms of reactions, deflections, strains and mo-
ments are given. The responses of the bridge to point loads,
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condi'tion loads and truck loadings all at wor'king stress
levels are tabulated. In addition, tabulated results are
given for conditioning loads at overstress levels and for
point loads after conditiong overloads. Finally, tables of
results are presented for the final loading to failure.
8.17 8cordelis, A. C. and Davis, R. E.
LOAD DISTRIBUTION IN CONCRETE BOX GIRDER BRIDGES, First
Ihternational Symposium, Concrete Bridge Design,
American Concrete Institute, SP 23-8~ pp.117-136,
April 1967.
Included is a Discussion ,by R. p~ Pama and A. R. Cusens.
Present design specifications and load distribution
factors for reinforced concrete box girder bridges, are cri-
tically reviewed. Theoretical solutions are developed,-
using folded plate theory, for the elastic analysis of multi~
celled box "girder bridges with or without interior rigid d~a~
phragms or supports. General computer programs, based on
these solutions, are described in which the input consists
of the geometry of the structure, material properties, and'
loading conditions and the output yields the internal forces,
moments and displacements at selected pointso The results of
parameter studies with respect to load distribution, on ex-
'ample bridges with 3, 4, 6 and 8 cells are discussed.
8.18 Scordelis, A. C. and Davis, Ra E.
STRESS IN CONTINUOUS CONCRETE BOX GIRDER BRIDGES,
Second International Symposium, Concrete Bridge Design,
American Concrete Institute, Paper SP 26~13,
pp. 284-319, April 1969.
Included is a Discussion by Ra P. Pama.
Three methods for the theoretical assessment of struc-
tural behavior of multi~celled box girder bridges with or
without interior diaphragms or supports are briefly
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described. These methods, designated as the folded plate
method, the finite segment method and the·finite element
method, extend the scope of previously reported studies
(1) to include the effects of continuity and arbitrary bound-
ary conditions. Relative accuracy of these methods is as-
sessed by comparing selected results for a typical 3~cell
bridge. Effects of continuity on load distribution in 3-
and 6-cell bridges are evaluated by studying results
from twenty-three separate computer analyses performed using
general computer programs developed for each of the three
methods of analysis.
8.19 8cordelis, A. C., Samarzich, W. and Pirtz, D.
LOAD DISTRIBUTION ON PRESTRESSED CONCRETE SLAB BRIDGE,
Prestressed Concrete Institute Journal, Vol. 5, No.2,
pp. 18-33, June 1960.
Analytical and experimental studies for transverse dis-
tribution of wheel loads on a simply-supported prestressed
concrete slab bridge are presented. The slab under consider~
ation was post-tensione~ in two directions. The test re-
sults proved that existing empirical rules for the design
~
of slabs of long spans with large width had been too conser-
vative from the point of view of stresses. It was also
noted that transverse prestressing had no effect on'moments
produced by wheel loads.
8.20 Severn, R. T.
THE DEFORMATION OF A RECTANGULAR SLAB STIFFENED BY
BEAMS UNDER TRANSVERSE LOAD, Magazine of Concrete
Research, Vol. 14, No. 41, ppa 73-78, July 1962.
A 'rectangular slab spans between simple supports and is
stiffened by beams of unifo~m cross section~ Complete compo-
site action is assumed to exist between the slab and the
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beams:. .E.ach panel of the slab" can carry point loads, acting.__
at any point of the panel, and a uniformly distributed- trans-
verse load, and 'the beams carry loads which are eit;her uni-
-formly distributed along their lengths or are concentrated ,SO
as to act as point loads. The magnitudes of the loads car-
ried by each panel and byreach beam will generally not be
the same.
It is assumed that the transverse deflection of the
structure and the stress function that describes forces in
the plane of the slab, are governed by independent bi-
harmonic equations. To these equations series solutions are
taken and the coefficients which they contain are determined
by satisfying the conditions of compatibility and continuity
at the slab-beam junctions. The results' of exper,iments with
,models are described and brief details are given, of computer
programs which. may· be used to carry' out the computa,ti.ons
involved.
8.21 Shimoni, J.
LATERAL DISPLACEMENTS AND ROTATIONS OF SKEW CONTINUOUS
PRESTRESSED CONCRETE, BRIDGE DECKS, Second Interna:tional
Sympo,sium, Concrete Bridge Des,ign, Paper SF 26-10,
. pp. 235-259, April 1969.
Skew bridge decks, and especially those, made of pre-
stressed' concrete, are subject to lOI)gi tudinal and trans-
versa'l displacements and horizontal rotations due to exter-
·nal forces ~es~lting,from:
(a) Longitudinal braking and earthquake forces,
(b) Transversal wind, earthquake and centrifugal forces,
(6) Shortening of deck due to shrinkage, variation,0f
temperatu~e and prestressing forces.
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A g~~eral solution is presented for determining of these
displacements and rotations, and a practical example with
numerical evaluation for different types of structures has
been given.
Displacements and rotations were found to be dependent
mainly on the ratio k /k and the absolute value of k , but
v u ~
also on the stiffnesses of the bearing and the geometry of
the supporting system.
The evaluation of these displacements and rotations has
considerable importance when determining:
(1) The relative movement of the deck in respect to
the abutments near the expansion joints.
(2) The magnitude and direction of the deformations of
the elastomeric bearing pads.
(3) The shear forces and bending moments of the
columns resulting from them.
8.22 Siess, C. P. and Veletos, A. S.
DISTRIBUTION OF LOADS TO GIRDERS IN SLAB-AND~GIRDER
BRIDGES: THEORETICAL ANALYSES AND THEIR RELATION TO
FIELD TESTS, Highway Research Board, Research Report,
No. l4~B, pp. 58-74, 1952.
The object of this paper is to present a 'picture, based
on theoretical analyses, of the manner in which loads on
slab-and-girder highway bridges are distributed to the sup-
porting girders. The discussion is restricted to simple~
span right bridges consisting of a slab of constant thick-
ness supported on five girders, spaced equidistantly, and
having equal flexural stiffnesses but no torsional stiffness~
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S.23 Siess, C. P. and Viest, I. M.
STUD"IES OF SLAB AND- BEAM HIGHWAY BRIDGES, TESTS OF
CONTINUOUS RIGHT IQBEAM BRIDGES, University of Illinois,
Urbana, Engineering Experiment Station Bulletin Series
No. 416, Vol. 51, No. 16, 30 pp., October 1953.
Laboratory tests made on 1/4 scale models of bridges
consisting of steel beams supporting a reinforced concrete
slab are reported. The main objective of the studies was
to determine interaction between beams and slabs. in PQsitive
and negative moment region, and also the effects of compo-
site action on the behavior of continuous I-beam bridges.
S.24 Siess, C. P.
COMPOSITE CONSTRUCTION FOR I-BEAM BRIDGES, HIGHWAY
BRIDGE FLOORS, A SYMPOSIUM, Journal of Structural
Division, Proceedings of ASCE, pp. 331-353, March 1948.
The follOWing are discussions relating to the Highway
Bridge Floors Symposium:
Balog, L., Vol. 75, ST4, pp. 538-544, April 1949
Furrer, R., Vol. 74, pp. 1518-1522,' November 1948~
Slack, S e B., Vol. 74, pp .1263-1266, September 1948,
Tachau, H., Vol. 74, pp. 1422-1424, October 1948
Wendell, Eo, Vol. 74, pp. 1419-1422, October 1948.
The several problems associated with the, design of com-
posite I-beam highway bridges which are discussed in this
paper" may be divided into three categories: (1) comparative
design studies of I~beam bridges -to determine the savings in
weight possible from the use of various types of composite
beams, (2) experimental and analytical studies of the be-
havior of composite beams and composite bridges, and (3)
studies of the behavior of shear connectors for use in com-
posite I-beam bridges.
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by assum-
8.25 Sisodiya,.R. and Cheung, Y.
A HI GHER ORDER IN-~P LANE .. PARALLE LOGRAM. ~:E,LEMENT. AND. ITS
APPLICATION TO SKEWED CURVED BOX GIRDER.BRIDGES,
Conference at University College, Cardiff, Developments
in Bridge Design and Construction, March 1971.
The inplane stiffness for a parallelogram element is
d ' e ov,derived for no al parameters u., v. and · ~v
1 1 Zl U.A
ing linear displacement functions for u and lin~ar and cubic
displacements for v along the two sets of parallel sides of
a parallelogram. This element gives good accuracy with even
coarse mesh fo~ the analysis of beams, when the cubic vari~
ation of v cor~esponds to the vertical deflection.
A parallelogram shell elem~nt is also derived s'imply by
combining an in-plane and a plate bending stiffnesses. A
straight box-girder bridge on skew supports and a curved box-
girder bridge on skew support are analysed and the results
are compared with those obtained experimentally and by using
lower order elements.
8.26 Sisodyia, R. G., Ghali, A. and Cheung, Y.. K.
FINITE ELEMENT. ANALYSIS OF SKEW BOX GIRDER BRIDGES,
Engineering Journal, Vol. 5.5, Tran,sa.ct:Loris' 'of the
Engineering Institute of Canada, pp., I-V,. March 1972.
The finite element method has been used to analyze thin
shells and folded ~lates. The surface to be analyzed is
idealized into an assemblage of plane triangular or rectangu-
lar elements. For each of these elements a stiffness matrix
is obtained by combining in-plane and bending stiffnesses.
The results presented in the present paper show that
the in-plane and bending triangular together ,with rectangu-
lar elements can be conveniently used in one structure.
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The method, of analysis used in this' paper is verified
by ~he use of published test results on a model of a skew
box-girder bridge.
S.27 Sithichaikasem, S. and Gamble, W. L.
EFFECTS OF DIAPHRAGMS IN BRIDGES WITH PRESTRESSED CON-
CRETE I~SECTION GIRDERS, Civil Engineering Studies,
Structural Research Series No. 383, Department of
Civil Engineering, University of Illinois, February 1972.
The results of a study of the effects of the number,
stiffness, and locations of diaphragms in multi-beam, simply
supported, right highway bridges is presented. The para-
meters studied also included the relative girder stiffness,
H, the ratio of girder spacing to span, bla, the girder tor-
sional stiffness, the girder spacing, and the location of
the loads relative to the edge girder~ of the structure.
The behavior ,of the bridges is evaluated for several types
of loadings, including single loads and groups of loads.
The bridges studied were divided into three general
categories according to the uniformity of load distribution,
to the girders, and design recommendations regarding dia~
phragm arrangements and stiffnesses madeG In most struc~
tures in which the outer line of wheels can fall directly
over the edge girders, diaphragms should not be used, as
they'will increase the controlling moment in the bridge 0
In other'cases, diaphragms may be either helpfUl or harm-
ful, and criteria are dev~loped for design purposes 0
The influence of the number of diaphragms was studied,
and the effects of a single midspan diaphragm and two dia~
phragms located near midspan were about the same, struc-
turally, though the cost effectiveness of the single dia-
phragm is better.
235
The current arbitrary practice of determining location
and spacing of diaphragms as a function of span length alone
should be changed, as many short span bridges which do not
include diaphragms could benefit from them, and many longer
span structures which normally contain diaphragms either
receive no benefit or are harmed by them.
8.28 Somerville, G., Roll, F. and Caldwell, J. A. D.
TESTS ON A ONE-TWELFTH SCALE MODEL OF THE MANCUNIAN
WAY, Cement and Concrete Association, Technical
Report TRA!394, London, December 1965.
A-description is given of the building and testing of a
one-twelfth scale model,- made of· micro-concrete, of a typical
interior span of the proposed Mancunian Way. Data have been
obtained on the diffusion of prestress through the section,
the behavior of the structure under its design loading and
under the action of point loads on the cantilevers, and the
behavior of the structure at ultimate load.
8.29 No author listed
DYNAMIC TESTS ON A ROLLED BEAM COMPOSITE CONTINUOUS
SPAN BRIDGE - PART 2, South Dakota Highway Commission,
Impact and Vibration Study, October 1955.
S.30 8ozen, M.A., Zwoyer, E. M. and Siess, C. P.
INVESTIGATION OF PRESTRESSED CONCRETE FOR HIGHWAY
BRIDGES, STRENGTH IN SHEAR OF BEAMS WITHOUT WEB
REINFORCEMENT, Illinois University Experiment
Station Bulletin 452, 1959.
The primary· object of this investigation was to obtain
a better understanding of the behavior 'of .prestressed con-
crete beams without web reinforcement. Tests of forty-three
rectangular and fifty-six I-beams are described and analyzed
in this report.
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The results of the investigation show that prestressed
concrete beams without web reinforcement are vulnerable to
shear failures. Unless web reinforcement is provided, the
useful strength, of such beams is limited to the inclined
cracking load which may be only a small fraction of the
flexural capacity.
The observed differences in the response of a beam to
applied load before and after the initiation. of an, inclined
crack lead to a new interpretation, of the mechanism of
shear failure.
8.31 Stevens, L. K. and Gosbell, K. B.
MODEL ANALYSIS OF A COMPOSITE BEAM AND SLAB BRIDGE,
Australian Road Research Board, P~oceedings, Vol. 2,
Pt. 2, Paper 144, pp. 1326-1343, 1964,.
Tests on a perspex model of a very wide slab and beam
bridge system continuous over two spans are described. The
observed behavior is compared with that predicted by an
analysis using the Guyon~Massonnetmethod where the system
is regarded as an equivalent orthotropic plateo . It is shown
that the general behavior, as represented by the overall de~
fleeted shape, agrees well with the theoretical predictionsu
However, more localized effects, as represented by strains
and sh~ar forces do not always show so good an agreement.
It is found that a concentrated load applied between dia~
phragms may produce bending stresses in the beams more than
double those predicted from the orthotropic plate theoretical
analysis. Such effects can become significant when abnormal
concentrated' loads are a major design consideration.
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8.32 Stevens,~. K. and Gosbell, K. B.
MODEL STUDIES ON A BEAM-AND-SLAB CONCRETE BRIDGE UNDER
CONCENTRATED LOADING'S, First I·nternational Symposium
Concrete Bridge Design, American Concrete Institute,
Paper SP 23-5, pp. 55-74, April 1967.
The deck of a tunnel under an airport runway is sub-
jected to large concentrated loads, which make it imperative
that design methods be checked experimental~y to verify dis~
tribution of loads, stresses and deflections. Model investi-
gations were undertaken to check available theories and ob-
tain information on modes of failure. Two models were used,
one a small-scale plastic model for elastic studies and the
other a larger scaled concrete model to study behavior up to
failure with the actual materials of the deck. Although the
general behavior of the composite beam-and-slab bridge deck
in the elastic range was adequately predicted by the
equivalent-orthotropic-plate method of analysis,' large local
flexural and shear stresses produced by loads applied be-
tween diaphragms were not accurately predicted. However, it
was found that these local effects were redistributed and
made no difference to the ultimate load. The distribution
characteristics of the deck were maintained throughout the
load range up to ultimate load.
8.33 Stevens, L. K. and Gosbell, K. B.
MODEL ANALYSIS OF COMPOSITE'BEAMAND SLAB BRIDGE,'
Australian Road Research Board Proceedings, Vol. 2,
pp. 1326-1343, 1964.
Tests on aperspex model of a very wide slab and beam
bridge system continuous over two spans is reported. Ob-
served behavior is compared to that given by the Guyon-
Massonnet method. It is found that a concentrated load ap-
plied between diaphragms may produce bending stress in
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prestres~ed longitudinal concrete beams more than double
those predicted from orthotropic plate theoretical analysis.
S~34 Studzinski, S. H.
SOME EXAMPLES OF BOX GIRDER BRIDGES IN CALIFORNIA,
The Structural Engineer, Vol. 41, No.8, pp. 253-257,
August 1963.
The paper deals briefly with the applicat-ion of rein-
forced concrete cellular deck for bridges (hereinafter re~
ferred to as box girder) in the U.S.A. and its wide use in
the State of California for structures in urban expressway
systems. The history- of the box girder structure,- its ad-
vantages, economy and applications are mentioned. Design
specifications both theoretical and practical are discussed
and illustrated 0 -Finally a typical example of a box girder
detail is shown together with sketches and photographs of
box girder application in viaducts and flyovers.
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T.l Tamberg, K.
THE ANALYSIS OF RIGHT, MULTI~GIRDER, SIMPLE~SPAN BRIDGE
DECKS AS EQUIVALENT TORSIONALLY WEAK GRID SYSTEMS,
Department of Highways, Ontario, Canada, Report 102,
January 1965.
This paper presents a limited discussion on the matrix
formulation of torsionally-weak, right bridge decks which
consist'of longitudinal girders supporting a deck slab, with
or without diaphragmso The deck slab is divided into ten
parts, and is replaced by equivalent diaphragms. The flex~
ural stiffness of the fT actualTT or TT ad·di tionalfT diaphragms is
distributed evenly along the deck when investigating its ef-
fect on the magnitude of the longitudinal girder moments.
This means that all equivalent diaphragms, replacing the
slab, receive an equal increment in flexural stiffnesso The
bridge decks are considered in terms of TTequivalent
torsionally-weak grid systems TT •
Design charts which correspond to specific girder spans~
L, and correlate the maximum girder moment due to an H20-S16
live load with the gi~der spacing, S, and H have been pro~
duced for 5-girder bridge decks with unifo~m spacing and
constant~moment of inertia of the long.itudinal girders 0 The
design charts correspond to a minimum possible lane width
of 11 ft., and take into account the effect due to the sta-
tistical load factors as defined by the 1961 AASHO-code
(Sec. 1.2~9). The range covered corresponds to a variation
in the girder spacing from 5 to 14 ft. inclusive, the H-
values varying from 0 to 00 0 A total of thirty-six design
,charts are presented, covering a variation in the girder
spans from 30 - 140 ft 0 inclusive.
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T . 2 Tamberg, K., Csagoly, Po and Jung ~- F 0
APPLICATION OF TRANSFORMED HIGHWAY LOADS TO INFLUENCE
OF ANY SHAPE, Department of. Highways , Ontario, Canada,
Report RR 131, October 1967.
Principles presented in this paper permit replacing se-
quences of concentrated loads by means of equivalent uni~
formly distributed loads of finite base lengths b~ ~or the
·purpose of calculating force effects in structural members~
Any shape of influence line encountered in commonly occur~
ring structures is considered~ Corresponding to full or
partial areas of such influence lines, selected analytical
expressions, for calculating maximum force 'effects are pre-
sentedo The generalizations obtained enable the development
of design loads, load legislation~ ,procedures for load 'rat-
ing, design of testing vehicles, and the strength.evaluation
of bridge structures~
T~3 Tamberg, K. and Jung~ Fo
FUNCTIONAL RELATIONSHIPS BETWEEN ACTUAL TRUCK AND AASHO
DESIGN LOADINGS FOR SIMPLE-SPAN BRIDGES, Department of
Highways,· Ontario, Canada, Report RR 129, February 1967.
The maximum moment and shear force are used as a mea~
sure of overload for simple-span bridges. Overload frac-
tions are de,fined. These are ratios which indicate the
amounts by,wh~ch the maximum design moments and shears (dead
plus live load) are changed when trucks of various configura"",
tions and load limits cross simple span bridges. The design
live loads considered are the AASHO Hand HS loading ~chemeso
Functional relationships which allow the systematic cal-
culation of overload are presented~ The concept of critical
span length is utilizedQ The effects of trucks on the magni-
tudes of moments and shears are generalized by the use of
certain truck parameters.
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T.4 Tamberg,~. G. and Jung, F. W.
THE OVERLOADING OF SIMPLE-SPAN BRIDGES, Department of
Highways, Ontario, Canada, Report RR 117, 19670
The problem of overloading caused by heavy vehicles
crossing bridges and the problem of representing these ve-
hicles by design loads is studied by the employment of over-
load fractions. Discussed in this report are overload frac-
tions" and associated terms which provide a. logical framework
for investigating the problems pertaining to overloading and
the provision of logical design criteria. Overload fractions
are defined in terms of maximum moments and shears.
T.S Task Committee on Folded Plate Construction
PHASE I REPORT ON FOLDED PLATE CONSTRUCTION, Journal of
Structural Division, Proceedings of ASCE, Vol. 89, ST6,
pp. 36S~406, December 1963.
The various methods of analysis of folded plates pro-
posed to 1963, are reviewed and summarized. First considera-
tion-goes to the simple beam theories that neglect the effect
of relative joint displace~ent, as in the original work by
Ehlers and Craemer in Germany in the 1930 1 8, that was subse-
quently introduced in the United States by Winter and Pei.
This report then evaluates the more exact methods of analy-
sis correcting for relative joint displacement subsequently
developed by Gruber, Vlassov, Gaafar, Simpson, and Yitzhakio
Finally, the elasticity approach of Goldberg and Leve is
considered. As a result of the study, the Committee recom-
mends the use of the T'T ordinary theory with correctionTT for
relative joint displacements. Methods in this acceptable
category include those of Vlassov, Gaafar, Gaafar as modi-
fied by Simpson, Portland Cement Association Bulletin #3,
and, finally, Yitzhaki. The report summarizes a method of
analysis based on GaafarTs original paper and includes a
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numerical example for greater clarity. The Committee has
also sponsored and recommends an article on foldediplate
analysis by Yitzhaki. A very complete Bibliography of the
subject of folded plates both in English and other languages
is included.
T.9 Thompson, V. S.
REVIEW OF CuRRENT PRACTICE IN BRIDGE DESIGN,
Engineering and Contract Record, Vol. 69, No. 11,
ppo 84-87, November 1956.
The development in bridge design is, given for periods
of pre-1910, ,1910-1930, 1930-1940, and 194-6-1956. The char-
acteristics of various types of structures, discussion of
construction materials and factor of esthetics of bridge
design are the material covered in this survey.
T.7 Thuerlimann, B.
INFLUENCE SURFACE FOR SUPPORT MOMENTS OF CONTINUOUS
SLABS, International Associatiori of Bridge and
Structural Engineering, pp. 485-498, 1956.
In the present paper the theory of influence functions
for bending moments in slabs is extended to the ca~e of con-
tinuous plates. An expression for the bending moment over a
rigid: cross beam across" a simply supported plate strip, is'
derived. By summing th~ series solution into a fin'ite -ex-
pression it becomes possible to accurately compute the
values even in the neighborhood of the influence point
(point for which ihfluenbe function is de~ived). A s~rie$
solution would not allow such a computation as this influ-
ence point exhibits a singularity .. On the basis of this
solution two other cases are treated, namely the infinite
plate strip with two rigid cross beams and the two span con-
tinuous plate. Expressions for the influence function of
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the sup~o~tmoments are derived. Graphical representations
of influence surfaces are given for three specific examples
which are directly applicable to actual design problems.
T.8 Tiller, R. M.
ANALYSIS OF SKEW SLABS BY THE USE OF INFLUENCE SURFACES,
Civil Engineering and Public Works Review, Vol. 63,
No. 741, pp. 415-419, April 1968.
An analysis using influence surfaces is presented.
This method offers an acceptably small margin of error and
lends itself readily to design office procedures. The in-
fluence surfaces under consideration are essentially a
graphical representation of the value of bending moments at
selected critical points and have been defined by experi-
mental techniques applied to isotropic slabs.
T.9 Troitsky, D.
ORTHOTROPIC BRIDGES THEORY AND DESIGN, The James F.
Lincoln Arc Welding Foundation, Cleveland, Ohio,
August 1967.
The aim of the book is to present the basic theory as
completely as possible and then follow through to actual
engineering applicat'ions. Emphasis is placed on the analy-
sis and design of the orthotropic type deck although,its
participation as an integral unit of the main bridge system
is also considered.
The discussion in this book is confined to the super-
structure because the problems involved in the design and
construction of the' substructure depends largely, on the site
cOQditions and are common to all bridges.
Since many variables affect the final result' obtained
through the application of the information and ideas
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presen~ed in this book, neither,the author nor the publi~her
can assume any r,esponsibili ty for these l:'esults. The author
will appveciate having·called to his attention both errors
that have avoided the publishers editing efforts, and also
any omission of credit.
T.10 Troitsky, M. S. and Azad, A. K.
BENDING AND TORSION IN ORTHOTROPIC DECK BOX GIRDER,
Journal of Structural Division, Proceedings of. ASCE,
Volo 98, No. 8T9, ppo 1987-2003, September 1972.
Analytical and experimental studies are made on a
simple span, single cell box· girder bridge model with ortho-
tropic deck having open ribs, to find and compare stresses
under static loads. A method is proposed to find stresses
in the cantilever portion of the deck. Torsional stresses
in the box cell due to eccentric loading are c~lcul~ted USing
the analogy to a beam on elastic foundation. For exp~rimen­
tal studies the model is fabricated from plexiglass whose
mater~al properties are also determined.
T.ll Tung, D. H.
TORSIONAL ANALYSIS OF SINGLE THIN-WALLED TRAPEZOIDAL
CONCRETE BOX-GIRDER BRIDGES, First International
Symposium~ Concrete Bridge Design, Ame~ican Concrete
Institute, Paper SP 23-12, ppG 205-220, April 1967.
A'method is p~esented fo~ the torsional analysis of
single, thin-walled, trapezoidal or rectangular concrete box-
girder bridges which are symmetrical about the vertical axis
of the cross sections. The effects ~esulting from the dis-
tortion of the cr.oss sections are isblated and· investigated
independently by the use of pure-shear force systems, based
on which all of the stress and deformation parameters ar~
expressed in terms of .only one unknown, namely, the in-plane
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T.12
deflection of the webs. The basic equations are thereby
formulated, from which solutions are given for several prac-
tical cases.
Turazza, G.
LA RIPARTIZIONE TRANSVERSALE DEI CARICHI ACCIDENTALI
NEGLI IMPALCATI, Giornale del Genic Civile, Vol. 104,
No.6, pp. 380-390, June 1966. (In Italian)
The transverse distribution of load on multi-beam
bridges is discussed. In this paper, a simple and exact
method is proposed for the calculation of transverse distri-
tution of loads in bridges with three or more beams, and
only one pair of central cross beams.
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Vol VanHorn, D. A.
STRUCTURAL BEHAVIOR CHARACTERISTICS OF PREST~ESSED
CONCRETE BOX-BEAM BRIDGES, Fritz Engineering
Laboratory Report No. 315.8, December 1969.
This report summarizes the results from the field-
testing of five in-service spread box-beam bridges. The
superstructures are of the beam-slab type, and are composed
of a number of precast, prestressed concrete box-beams,
equally spaced and spread apart, along with a cast-in-place
composite slab. The main emphasis is placed on the lateral
distribution of vehicular loads, and on beam deflectionsQ
Experimentally~bas~d load distribution factors are com-
pared with values used in the design, and with values de-
rived from a procedure recently recommended by Sanders and
Ellebyo Based on all facets of this investigatiQn, it is
recommended that consideration be given to revision of the
current AASHO and PDH procedu~es for load distribution in
spread pox-beam bridges, Although new design values are
presented, which are based on the field tests, it is empha-
sized that these experimentally-based values have been
superseded by a more extensive analytically-based procedure,
as presented in a recent Lehigh Unive~sity report, No. 315,9.
V.2 Varney, R. F.
THE DYNAMIC BEHAVIOR OF A SIMPLE SPAN PRESTRESSED
CONCRETE, BOX BEAM HIGHWAY BRIDGE, Fritz Engineering
Laboratory Report 31S.4ST, July 1966.
This study covers the analysis of the dynamic strains
and deflections obtained' fr0m extensive field measurements
made on a full size single span prestressed concrete spread
bo~ beam highway bridge under controlled test vehicle load-
ing. The test variables included vehicle placement, speed
and direction.
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The report contains an analysis of the dynamic 'amplifi-
cations of strain and deflection in comparison with the
static live load responses at the same critical points on
the structure for identical conditions of test vehicle
placement and direction. A companion.report prepared by
others will investigate other aspects of the static live
load behavior to which the findings of this study may relate.
It·was found that the test bridge was more sensitive to
impact loading than typical steel beam bridges of similar
span lengths. The complex ,bridge-vehicle interaction which
results in a wide range of dynamic amplifications was found
to be essentially independent of the frequency of axle pas-
sage and of the initial position of the sprung load as the
vehicle comes on the bridge. The bridge loaded frequency
·was found to be the best indicator of the relative magnitude
of the dynamic amplification.
The bridge deck slab was found to be subject to live
load strain-reversals which may prove to be of significance
in the search for a better understanding of highway bridge
deck slab performance.
Ve3 Varney, R. F. and Galambos, C. F.
FIELD DYNAMIC LOADING STUDIES OF HIGHWAY BRIDGES,
In U.Se for the period 1948-65., Highway Research
Record No. 76, January 19640
In this survey, the information gathe~ed f~om dynamic
tests on highway bridges since 1948 in the United States is
compiled. The bridges studied were grouped as steel girder,
concrete and miscellaneous.
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V.4 Viest, I,' M., Fountain, R. S. and Siess, C, 'Po
DEVELOPMENT OF THE NEW AASHO SPECIFICATIONS FOR
COMPOSITE STEEL AND CONCRETE BRIDGES, Highway
Research Board, Bulletin 174, pp. 1-17, January 1957.
The AASHO Committee on Bridges and Structures in 1955
prepared a new specification for composite bridges. Although
the new specification retained the form and the basic design
philosophy of its predecessor adopted in 1944, the contents
were considerably expanded to incorporate the results of
extensive experimental studies and practical experiences
with the design and the completed structures. The scope of
the specification was restricted to struc~ures composed of
steel beams with concrete deck slabs connected by shear
connectors.
The major new provisions are concerned with the design
of shear connectors, the design, of negative moment sections,
and the effects of creep of concrete on the stress condi-
tions in a composite beam. Furthermore, it is specified
that in the stress computations concrete should be considered
ineffective in resisting tension, that the composite action
should not be counted on until the concrete has attained 75
percent of the required 28-day strength, and a limit is
placed on the lid-ratio of the steel beams alone as well as
of the composite beams.
Background information on which the new provisions are
based is discussed. It is intended as an aid in familiariz~
ing the design engineer with the specification and as a
record for future specification writers.
V.S Vitals, V.o, Clifton~ R. J. and Au, T.
ANALYSIS OF COMPOSITE BEAM BRIDGES BY ORTHOTROPIC PLATE
THEORY, Journal of Structural Division, Proceedings
ASCE, Volo 89, No. ST4, pp. 71~94, August 1963.
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A m~thematical method is presented for the analysis of
composite beam bridges by a-more exact theory of composite
orthotropic plateso Such an approach leads toa more ac-
curate appraisal of beam moments. The computational techni-
ques used in the analysis may be applied to other similar
problems and are especially adaptable for use in electronic
computers. .Numerical~ examples are given to illustrate the
method of solution, and the results are compared with those
based on an approximate theory.
V.6 VanHorn, Do Ao and Chen Co-Ho
STRUCTURAL BEHAVIOR OF A PRESTRESSED CONCRETE I-BEAM
BRIDGE - LEHIGHTON BRIDGE, Fritz Engineering Laboratory
Report Noo 349.4, October 1971.
The report describes the field testing of an in-service
prestressed concrete I-beam/slab bridge superstructure with
stay-in-place corrugated steel sheet deck forms 0 The simple-
span bridge was loaded with a single test vehicle which
closely:simulated the HS 20-44 design vehicle 0 The vehicle
was driven in nine specified test lanes which extended lat-
erally across the entire roadway widtho Runs were conducted
at crawl speed to simulate the static load condition, at
speeds ranging from 5 to 60 mph to produce the effects of a
moving vehicle, and at 10 mph with a 2-inch ramp to simulate
a severe impact conditioDo At a cross-section near midspan
longitudinal strains were measured at seven locations on the
surfaces of the six·longitudinal beams, and at six locations
on the surface of the curb section located on one edge of
the slab. Vertical deflections of the six beams were also
measured at the same cross-section location 0 Two series of
test runs were conducted, the fi~st with midspan diaphragms
in place, the· second wi th the midspan dj,aphrragms removed 0
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The results from the field testing revealed that the
load distributed: (1) to the interior beams was less than
the design value, (2) to the exterior beam under the curb
section was greater than the design value" and (3) to the
exterior beam having no curb section was either greater or
less than the design value, depending on the definition of
the design load lanes. In addition, it was found that the
midspan'diaphragms only slightly influenced the experimentally-
based distribution factors, produced by multi-lane loading
to produce maximum effects. However, for a single vehicle
load, the diaphragms did serve to distribute the load some-
what more evenly. Additional information is provided on
(1) the amplifica'tion of static response, resulting from the
speed and impact runs of the test vehicle, and (2) deflec-
tions of the beams. ~-
Implications from the field tests are discussed, sev~
eral aspects of design philosophy are suggested for reconsid-
eration, and specific needs for future research are set
forth.
251
W. 1 Wa1.ker, B. A.
DISTRIBUTION OF SHEAR STRESS IN A BOX BEAM, The
Engineer, Vol. 209, pp. 1067-1079, June 1960.
It is commonly assumed that in a symmetrical box beam,
in which three webs are all of equal thickness, the bending
shear force is equally divided between the webs, or if they
are of unequal thicknesses that the shear force is divided
proportionately, so that the average shear stress is equal
in each,web .. In; o~der to satisfy the principles of static
equilibrium and mihimum strain energy, it is shown in this
article that the shear stress in the center web, is always
greater than that in the, side webs, when they are all of
equal thickness, and that this difference is by no means
negligible, being of the order of 20 to 30 percent for most
box beams found in.practice, and can be as high as SO percento
W.2 Walther, R. E.
INVESTIGATION OF MULTI-BEAM BRIDGES, Fritz Engineering
Laboratory Report No. 223.14, August 19560
A laboratory bridge was built and tested with the fol-
lowing objectives:
I. To examine the correlation of the theory and the
actual behavior of the bridge. r
2. To determine the effects of deviations from the
simplifying assumptions of the theory.
3. To determine the influence of:
a. Degree of lateral post-tensioning
b. Location of lateral post-tensioning
c. Location, of the external load
d . Interac'tion of shear keys
e. Slip between adjacent beams
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4. To find. practical means of providing an· efficient
interaction between adjacent beams.
It was found in these tests that the theory of ortho-
tropia plates, is very,well suited to the analysis of multi-
beam bridgeso Some empirical modifications were necessary
for those cases where slip between adjacent beams or incom-
plete interaction of the shear'keys occurred.
W.3 ,Walker, W. and Veletsos, A.
RESPONSE OF SIMPLE-SPAN HIGHWAY BRIDGES TO MOVING
VEHICLES, University of Illinois, Urbana, Engineering
Experiment St~tion Bulletin Series No. 486, 19660
W.4 Wegmuller, A. and VanHorn, D. A.
SLAB BEHAVIOR OF A PRESTRESSED CONCRETE I-BEAM BRIDGE -
BARTONSVILLE BRIDGE, Fritz Engineering Laboratory
Report No. 349.3, May 1971.
This report describes the field testing of the slab of
a beam-slab highway bridge subjected to loading with a test
vehicle approximating AASHO HS 20 truck loading. The test
structure, located near Bartonsville, Pennsylvania, was a
multi~span, simply supported bridge consisting of a cast-in-
place concrete slab supported by five precast prestressed
concrete I-beams laterally spaced at 8 feet. The test span
;was 68 feet 6 inches in length. The testing program con-
sisted of the continuous recording,of surface strains at
various locations on the slab, as the test vehicle was
driven over the span at various speeds.
The principal objective' was to develop information on
the magnitude of slab strains produced by live loads simu~
lat~d by the test vehicle. The measured strains were used
to compute stresses and moments in the slab.
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w.s Wegmuller, A. WD and Kostem, C. N.
EFFECT OF IMPERFECTIONS ON THE STATIC RESPONSE OF BEAM-
SLAB TYPE HIGHWAY BRIDGES, Proceedings of the Specialty
Conference on the Finite Element Method in Civil
Engineering, Canadian Society of Civil ·Engineering,
McGill University, Montreal, Quebec, Canada,
pp. 947~g70, June 1972.
A'method for the realistic analysis of complex shaped
-longitudinally and transversely sti,ffened plate structures
is developed. It is shown that a stiffened plate structure
can adequately be discretized using plate and eccentrically
attached stiffener elements. The method is based on the fi-
nite element disp~acement approach and is applied to the
analysis of a field tested beam-slab type highway bridge
constructed with. prestressed-concrete I-beamso An extensive
study of the effects of the variables governing the lateral
distribution. of 10ad is made, demonstrating the applicabil-
ity and versatility of the proposed approach.
W.6 Wegmuller, ,Ao W. and K0stem, C. N.
FINITE ELEMENT ANALYSIS OF ELASTIC-PLASTIC PLATES AND
ECCENTRICALLY STIFFENED PLATES, Fritz Engineering
Laboratory Report No. 378A.4, February 1973.
This report deals with the analysis ef plates and ec-
centrically stiffened plates in the elastic-plastic range
using the finite element- stiffness app.roacho The analy7sis
is based on the classical theory of thin plates exhibiting
small deformations 0
A.general procedure for the analysis of elastic-plastic
plates is presented. A description, of the mathematical
model, consis·ting of a plate subdivided into a finite number
of layers is given and the associated incremental elastic-
plastic solution technique is outlined 0 A few example solu-
tions" show the accuracy"" and "the 've"t'satility. of the proposed .:
tangent stiffness approach.
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A general procedure for the elastic-plastic analysis of
eccentrically stiffened plate structures is developed. The
layered plate model used in the elastic-plastic analysis,of
plates is supplemented by a similar layered beam element for
this analysis and the associated step-by-step itera~ion
technique, used to solve'the linearized governing equations,
is described.
W.7 Wegmuller, A,.' ,W. and Kostem, C. N.
FINITE ELEMENT,ANALYSIS OF PLATES AND ECCENTRICALLY
STIFFENED· PLATES, Fritz Engineering Laboratory Report
No. 378A.3, February 1973.
This report deals with the analysis of plates and ec-
centrically stiffened plates in the elastic range using the
finite element stiffness approach. The analysis is based on
the classical theory of thin plates exhibiting small
deformations.
A short description of the finite element techniques in
use to date, and a review of some existing plate bending
elements are p~esentedo A .refined.rectangular plate bending
element based on a higher order polynomial expression is
then derived and a systematic procedure for the derivation
of its stiffness matrix is outlined. The accuracy and the
convergence of solutions obtained with this new element com-
pares favorably with the presently known plate elements.
An analysis scheme for the eccentrically stiffened
plate structures in the linear elastic range is developedo
The derivation of the component stiffness matrices is car-
ried out first and the assemblage of the system stiffness
matrix is described. The outlined general approach is
applied extensively to highway girder bridges, and the ver-
satility and the accuracy of the method are demonstrated 0
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W.8 Wei, B. C. F.
LOAD DISTRIBUTION OF DIAPHRAGMS IN I-BEAM BRIDGES,
Journal of Structural Division, Proceedings of ASCE,
Vol. 85, pp. 17-55, May 1959.
This paper presents an analytical study of the effects
of diaphragms in steel I-beam bridges. The structures con-
sidered are simple-span right bridges, consisting of a con-
tinuous slab supported by five uniformly spaced parallel
beams of equal stiffness, with the beams running in the di-
rection of traffic. The diaphragms, which may be in the
form of a channel, a WF beam, or a built-up section, are
transverse framings in the structure. Several variables are
studied, including (a) relative stiffness of diaphragm,
(b) the position of diaphragm, (c) the relative stiffness
of beam, Cd) relative dimensions of bridge, and (e) type and
position of loading. The influence of diaphragm upon the
behavior of edge beams is also studied.
Using the results of the analyses, the effects of dif-
ferent variables on the action of diaphragms are investigated
in distributing the load on the bridge. The criterion. of
comparison is the maximum moment in beams produced by unit
load or 4-wheel loading, with particular emphasis ,to the lat-
ter to simulate the actual loading condition. For one speci-
fic case, the analytical results are compared to those given
for a full-size field test. Conclusions and design reoom~
mendations with regard !to the effective use of diaphragms in
I-beams are also presented.
W.9 Welsh, W. A. and Sozen, M. A.
INVESTIGATION OF PRESTRESSED REINFORCED CONCRETE FOR
HIGHWAY BRIDGES, PART V: ANALXSIS, AND CONTROL OF
ANCHORAGE - ZONE CRACKING IN PRESTRESSED CONCRETE,
University of Illinois, Urbana, Experiment Station
Bulletin Series, No. 497, September 1968.
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This report summarizes the information, on anchorage-
zone cracking obtained in the course of a research program
carried out during the period 1960' through 1966.
An analytical solution is developed and presented for
predicting the possibility of anchorage-zone cracking and for
the design of t~an~verse reinfo~cement to contvol such crack-
ing. The 'implications of the theoretical solution are
checked against results from a total of 177 tests, 66 of
which were carried out as a part of this research program.
The variables covered were: (a) size and shape of cross
section, (b) eccentricity of the prestressing force, (0)
ratio of the loaded area to the cross~sectional area, Cd)
distribution, of the prestressing force, (e) type of pre-
stressing (post- or pretensioned).·, (f) concrete quali ty, (g)
amount, type, and location, of th~ transverse reinforcement
and, (h) time-dependent effects.
Design recommendations are presented along with a· nu-
merical example in chapter VI which can be studied indepen-
dently of the rest of the report.
W~lO Westergaard, H. M.
COMPUTATION OF STRESSES IN BRIDGE SLABS DUE TO WHEEL
LOADS, Public Roads, Vol. 11, No.1, pp. 1-23, 1930.
Slabs in highway b~ges must be designed to support
wheel loads in addition to~ne-- distributed dead loads. The
present investigation is limited to the problem of the
stresses contributed by the wheel loads, it being assumed
that the influences of the uniform loads may be estimated.
with sufficient accuracy by available methods.
The present investigation, which is purely analytical,
applies directly to the case of homogeneous elastic slabs.
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They are'subject to accurate analysis by mathematical theory
of elasticity. Since the reinforced concrete bridge slab may
be assumed to act in certain respects approximately as a
homogeneous ,elastic slab, the results found for the homogene-
ous elastic slab may be applied in forming a judgment as to
the proper formulas for design. It is notable that the re-
sults of this analysis do not differ widely from those de-
rived by E '. F. Kelley from the tests, in the study referred
to.
W.l1 Westlund, G. and Ostlund, L.
TESTS ON A BRIDGE· MODEL, International Association,for
Bridge and Structural Engineering, pp. 228-236, 19500
Tests on a model of a viaduct are reported. The model
was made of perspex (or Plexiglas). This material has an
almost straight stress-strain curve, but the strains are
slightly influenced by time, and this influence must be con-
sidered in carrying out the tests. The stresses in the
model were measured with strain gages.
An-example of the results is compared with calculated
theoretical values. The agreement proved to be very good.
W.12 White, A. and Purnell, W. B.
LATERAL LOAD DISTRIBUTION ON I-BEAM BRIDGE, Joprnal
of Structural Division, Proceedings of ASeE, Volo 83,
Paper No. 1255, May 1957.--
, Discussion by L. Balog appears in Vol. 84, STl,
pp. 1522-19 - 1522-28, January 1958.
For the dete:rmination of (1) the degree of composite
action, and (2) ~he effectiveness of the diaphragms in lat-
eral distribution of loads, a series of tests were performed 0
In this paper, test procedures and results were presentedG
258
Another'purpose of these tests was the investigation of
mounting and waterproofing of SR-4 strain gages in such a
field testo
At the end of tests, the conclusions were: (a) the
diaphragm had transferred only 20% .of the lateral load, (b)
the methods used in mounting and waterproofing the A-I-SR-4
s~rain gages were satisfactory, and (c) .if the roadway slab
projects far from the exter,ior beam, then the exter,ior beam
should be at least as heavy as the inside beams.
W.13 Williams, K. J. and Scordelis, Ao C.
ANALYSIS OF ORTHOTROPIC FOLDED PLATES WITH ECCENTRIC
STIFFENERS, Structures and Materials Research,
Depa~tment of Civil Engineering, University of
California (Berkeley), February 19700
A method is presented for the analysis of orthotropic
folded plate structures with-eccentric stiffeners. The de-
velopment is based on the derivation of a finite strip
stiffness which couples the plate'bending and th~ in-plane
action due to the eccentricity of the ribs. Harmonic analy-
sis is utilized in conjunction with the direct stiffness
method providing a very efficient computer program which can
handle a variety of different loadings. At· present the pro-
gram is restricted to the analysis of prismatic folded plate
structures which are simply supported at the two end
diaphr~gms.
W.14 Witecki, Aa A.
SIMPLIFIED'METHOD FOR THE ANALYSIS OF TORSIONAL,MOMENT
AS AN EFFECT 'OF A HORIZONTALLY CURVED'MULTISPAN
CONTINUOUS BRIDGE, First International Symposium,
Concrete Bridge Design, Paper SP 23-11, ppo 193-204,
April 1967 ..
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A's~mplified method of. calculation for torsional effects
on a bridge structure is presented. Analysis and calcula-
tions are shown for torsional moments as an effect of loading
on a horizontally curved, mul'tispan, con'tinUQliS bridge.
Special attentio~ is ,given to the analysis of moments and
shear, and three formulas are derived for torsional moment,
longitudinal bending moment and shear forces. At the same
time the relation between bending moment and torsional mo-
ment is arrived ~t and shown as the basic formula. ,A
method of application is given in a step-by-step form with
full interpretation of the problems, and a numerical exmnple
is solved in the same step~by-step form.
W.lS Wroth, C. P.
THE HAMMERSMITH FLYOVER - SITE·MEASUREMENTS OF
PRESTRESSING LOSSES AND TEMPERATURE-MOVEMENT,
Proceedings Institute of Civil Enginee~s,
Vol. 23, ppo 601-624, December 19620
This paper describes tests conducted ,on si te during the
construction of the f1yovero The results provide detailed
information about. the behavior of prestressing strand, and
the measurement of losses in prestressing; they also include
data re~ating to temperature movements and bearing friction~
Wo16 Wegmuller, As W., Cordoba, G& C~, and VanHorn, Do A&
SLAB BEHAVIOR OF A PRESTRESSED CONCRETE BOX-BEAM
BRIDGE - HAZLETON BRIDGE, Fritz Engineering Laboratory
Report No. 31SA$2, February 19710
The report describes part of the field testing of a
beam-slab type highway bridge constructed with prestressed
concrete box girders, and subjected to loading with a test
vehicle approximating AASHO HS 20-44 loading. The overall
investigation includes studies of the behavior of the slab,
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and of lateral distribution of the vehicle loading. The
purpose"of this report is to describe the experimental in-
vestigation performed on the bridge slab 0
The testing consisted of the continuous recording of
slab surface strains at various locations as the test vehi-
cle was driven over the span at various speeds~ Investiga-
tions are included on the lateral distribution of strains
and stresses in the slab, the effect of speed on stresses,
and local wheel load effects. Finally, a comparison of mo-
ments obtained experimentally with the design moment speci-
fied by AASHO is given.
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Y.l Yeginobali, A.
ANALYSIS OF CONTINUOUS SKEWED SLAB BRIDGE DECKS, Highway
Research Board Research Record, No. 34, pp. 19-46, 1963.
A bridge slab can be analyzed by the principles of the_
theory, of plates. However, due to the complexity of the ex-
isting boundary conditions in continuous skewed slabs, the
applicatio-n of t·he high-order di,fferential equations becomes
extremely difficult and the use of finite difference equa-
tions for the mathematical anaiysis of such slabs provides a
more practical and yet adequate approach. Utilizing such a
finite differenqes method, altogether t4i~ty-two different
bridge slabs, with unstiffened edges, w~r~ analyzed. Twenty-
three of these were three-span continuous slabs and had dif~ .
ferent angles of skew, width-center span length and end span-
center span ratios. The remaining nine single-s~an slabs had
also different geometric parameters. The range of these
parameters was determined such that the slab group encom-
passed the most common types that are being built in actual
practice. The mathematical analysis of each slab included
the simultaneous solutiohs of groups of finite difference
deflection equations, computat'ions of influence coefficients
for deflections and moments at critical slab points, together
with uniform load deflections and moments. IB'M 704 and IBM
709 electronic comp,uters were used in connection w,ith the
mathematical analysis, and res'ults B4re presented in the form
of tables, influence surfa6e diagrams fo~ defleqtions and
moments, and contour diagrams for uniform load deflections
and moments. Also included in the paper are various dia-
grams showing the effect of variation of each parameter on
the maximum deflection and moment valueso To verify the
findings of the mathematical analysis and to cor~elate the
results to reinforced concrete structures, six continuous-
span and two single-span laboratory test structures were
262
designed by, uti,lizing various reinforcement patterns and
tested under concentrated and uniform loads. Test results
are indicated on corresponding de'flection,-. moment diagrams
and compared with the theoretical values. Finall,y, comments
are made on the significance of the theoretical and experi-
mental findings of the research.
Y.2 Yoo, C. H. and Heins, C. P.
ULTIMATE STRENGTH OF CURVED' I-GIRDER BRIDGES, PRO~RESS
REPORT ON THE DESIGN OF CURVED VIADUCTS, Civil
Engineering Department, University of Maryland at
College Park, Report No. 42, June 1971.
A series of design charts and equations have been pre-
sented, which will permit a plastic or load factor design, of
curved girders. The design techniques are applicable to
single and multi-span girders. The design technique is
based on the l?elative be'havior of curved to straight girders.
Therefore, by applying appropriate factors, the plastic
analysis of straight girders can be readily applied. This
affords a simplified approach toward the plastic designing
of curved girders.
The plastic design of curved girders, as recognized in
straight girders, gives a uniformity in the girder'strength
and a saving in material. Therefore the design data,pre-
sented in this report should be most advantageous in develop-
ing current design specifications.
Y.3 Yoo, C. H. and Heins, C. P.
PLASTIC COLLAPSE OF HORIZONTALLY CURVED BRIDGE GIRDERS,
Journal of Structural Division, Proceedings of ASeE,
Vol. 98, ST4, pp. 899-914, April 1972.
The ultimate load of single sp~n and· multispan,horizon-
tally curved girders is predicted by a superpositioning
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method. The yield criteria is in accordance with
(M/M )2· ~ (T/T )2 =' 1, which is valid for composite beamp p
sections~ Design aids are presented which permit the deter-
mination. of the ultimate loaq'as referenced to the behavior
of st~aight girders.
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Z.l Zienkiewicz, O. C. and Cheung, Y. K.
THE 'FINITE ELEMENT METHOD FOR ANALYSIS OF ELASTIC
ISOTROPIC AND ORTHOTROPIC SLABS, Proceedings of the
Institute of Civil Engineers, Vol. 28, pp. 471-504,
August 1964.
The method of finite elements is extended to problems
of bending of slabs. The simplicity of formulation and of
dealing with boundary conditions allows hitherto difficult
problems of slabs with variable thickness and of orthotropic
slabs to be dealt with. The slab can be included in the
analysis of a more complex structure involving other types
of members (such as beams, columns, etc.) without difficulty.
Several illustrative examples are given to show the accuracy
attainable and the range of problems that can be tackled by
the method.
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